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IN  the  following  Lectures  I  have  endeavoured 
bring  the  rudiments  of  a  new  philosophy  within  1 
reach  of  a  person  of  ordinary  intelligence  and  culture 

The  first  seven  Lectures  of  the  course  deal  wi 
tJiprmometrio  heat;  its  generation  and  consumption 
mechanical  processes ;  the  determination  of  the  n 
chanical  equivalent  of  heat ;  the  conception  of  heat 
molecular  motion ;  the  application  of  this  concepti 
to  the  solid,  liquid,  and  gaseous  forms  of  matter ; 
expansion  and  combustion  ;  to  specific  and  latent  hcs 
and  to  calorific  conduction. 

The  remaining  five  Lectures  treat  of  radiant  hea 
the  interstellar  medium,  and  the  propagation  of  moti 
through  this  medium  ;  the  relations  of  radiant  heat 
ordinary  matter  in  its  several  states  of  aggregatio 
terrestrial,  lunar,  and  solar  radiation ;  the  constituti 
of  the  sun  ;  the  possible  sources  of  his  energy ;  the  : 
lation  of  this  energy  to  terrestrial  forces,  and  to  vej 
table  and  animal  life. 

My  aim  has  been  to  rise  to  the  level  of  these  qui 
tions  from  a  basis  so  elementary,  that  a  person  posse 
ing  any  imaginative  faculty  and  power  of  concentratic 
might  accompany  me. 


3ta,  seemed' I 
.he  Enbiecta  1 


Wherever  fiddi^iotial  remarks,  or  extracts,  i 
likely  to  render  the  reader's  tnowledgo  of  the  subjects  I 
referred  to  in  any  Lcctare  more  accurate  or  complete, 
I  have  introduced  such  extracts,  or  remarks,  as  an  Ap- 
pendix to  the  Lecture. 

For  the  ubo  of  the  Plato  at  the  end  of  the  volume, 
I  am  indebted  to  the  Council  of  tlie  Eoyal  Society  ;  it 
was  engraved  to  illastrato  some  of  my  own  memoire  in 
the  ■'  Philosophical  Transactions.'  For  some  of  the 
Woodcuts  I  am  also  indebted  to  the  same  learned  body. 

To  tlio  Bcientific  public,  the  names  of  the  builders 
of  this  new  philosophy  are  already  familiar.  As  ex- 
perimental contribntora,  Rumfyrd,  Davy,  Faraday,  and 
Joule,  stand  prominently  forward.  As  theoretic  writers 
(placing  them  alphabetically),  we  liave  Clausiua,  Helra- 
holtz,  Kirchoff,  Mayer,  Haukine,  Thomson ;  and  in  the 
memoirs  of  these  eminent  men  the  student  who  desires 
it,  must  seek  a  deeper  acquaintance  with  the  subject. 
MM.  Regnault  and  Seguin  also  stand  in  honourable  re- 
lationship to  the  Dynamical  Theory  of  Heat,  and  U.| 
Verdet  lias  recently  published  two  lectures  on 
marked  by  tlie  learning  for  which  lie  is  eonapicuoui 
To  tlie  English  reader  it  is  superfluous  to  mention  tJ 
well-known  and  highly-prized  work  of  Mr.  Grove. 

I  Lave  called  the  philosopliy  of  Heat  a  new  pliiloflO*'^ 
phy,  without,  however,  restricting  the  term  to  the  sub- 
ject of  Heat.  The  fact  is,  it  cannot  be  so  restricted ; 
for  tho  connection  of  this  agent  with  the  general  enei"- 
giee  of  the  universe  is  Buch,  that  if  we  master  it  per- 
fectly, we  master  all.  Even  now  we  can  discern,  though 
but  darkly,  the  greatness  of  the  issues  which  connect 
themselves  witli  tho  progress  we  liave  made — issues 
wbifh  were  probably  "beyond  the  contemplation  of 
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tliOBD,  bj  whose  industry  au<l  genius  the  foundatioiia 
of  oar  present  knowledge  were  laid. 

In  A  Lecture  on  the  '  Infiucnco  of  the  HJatory  of 
Science  on  Intellectual  Edncation,'  delivered  at  tlie 
Koyal  Institntton,  Dr.  Whewell  liaa  shown  '  that  every 
l^vance  in  intcUectnal  education  lias  been  the  effect  of 
DQe  coneiderablc  Bciontilic  discovery,  or  group  of  dis- 
fferies.'  If  the  associatiou  here  indicated  be  invaii- 
■f  then,  assuredly,  the  views  of  the  connection  and 
eraction  of  uatnral  forces — organic  as  well  as  inor- 
DJo— vital  as  well  as  physical — which  have  grown, 
i  which  are  to  grow,  out  of  the  investigation  of  the 
1  and  relations  of  Heat,  will  profoundly  affect  the 
tellectual  discipline  of  the  coming  age. 
In  the  study  of  Kature  two  elements  come  into 
play,  which  belong  respectively  to  the  world  of  sense 
and  to  the  world  of  thought.  Wo  observe  a  fact  and 
seek  to  refer  it  to  its  laws, — we  apprehend  the  law,  and 
seek  to  make  it  good  in  fact.  The  one  is  Theory,  the 
other  is  Experiment ;  which,  when  applied  to  the  ordi- 
nary purposes  of  life,  becomes  Practical  Science.  Noth- 
ing could  illustrate  more  forcibly  the  wholesome  inter- 
action of  these  two  elements,  than  the  history  of  onr 
tent  subject.  If  the  pteam-engine  had  not  been  in- 
,  we  should  assuredly  stand  below  the  theoretic 
I  which  we  now  occupy.  The  achievements  of 
t  through  the  steam-engine  have  forced,  with  ang- 
1  emphasis,  the  question  upon  thinking  minds — 
Tiat  is  tliis  agent,  by  meaus  of  which  we  can  supt^r- 
I  the  force  of  winds  and  rivers — of  horses  and  of 
a  I  Heat  can  produce  mechanical  force,  and  me- 
koica]  force  can  prodnce  Heat ;  some  common  quality 
1st  Uiorefore  unite  this  agent  and  the  ordinary  forms 
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of  mechanjeal  -power'     Ibis  reUdonship  eeteblu 
the  genenlisinw  intellect  could  pass  at  once  to  tlie  otberl 
pea  of  tbe  nniverae,  and  it  now  perceives  the  prio-l 
eiple  which  unites  them  all.     Thns  tbe  triumphs  of  T 
practical  still  have  promoted  the  developement  of  phi- 
loBopIiy,     Thna,  Lj  the  interaction  of  tbonght  and  fact, 
of  troth  conceived  and  truth  execated,  we  hare  made 
our  science  what  it  is, — the  noblest  growth  of  modem 
times,  thoti;^h  as  yet  bnt  partially  appealed  to  as  a 
soorec  of  iiidividoal  and  national  might. 

As  a  meana  of  intellectual  education  its  claims  arc 
rtin  dUputed,  though,  once  properly  organised,  greater 
and  more  beneficent  revolntions  await  its  employment 
here,  than  those  which  have  already  marked  its  appli- 
cations in  the  material  world.     Sarely  the  men  whose 
noble  vocation  it  is  to  systemize  the  culture  of  England, 
cat!  never  allow  this  giant  power  to  grow  up  in  their 
midet  without  endeavouring  to  torn  it  to  practical  ac- 
count.    8cicDce  does  not  need  their  protection,  but  it 
desirca  their  friendship  on  honourable  terms :  it  widies 
to  work  with  them  towards  the  great  end  of  all  edaca- 
tion, — the  bettering  of  man's  estate.     By  continuing  to 
decline  tbe  offered  hand,  they  invoke  a  contest  which   , 
can  liave  but  one  result.     Science  must  grow.     Its  de-  J 
velopoment  is  as  necessary  and  as  irresistible  as  the  I 
motion  of  the  tides,  or  the  flowing  of  the  Gulf  Stream.! 
It  is  a  phase  of  the  energy  of  Nature,  and  as  such  i 
anre,  in  due  time,  to  compel  the  recognition,  if  not  tea 
win  the  alliance,  of  those  who  now  decry  its  influencj 
and  discourage  its  advance. 

BoYAL  iMSTtTtlTlOtt,  Fcbruari)  18G3. 
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LECTURE    I. 

[January  23,  18C2.] 


INSTBUMEMTS — GENERATION  OF  HEAT  BT  HECIIANICAL  ACTION- 
CONSUMFTION  OF  IIEAT  IN  WORK. 


AFFKNDIX: — NOTES   ON   THE   TIIERMO-ELECTIIIC   PILE  AND   GALTANOUSTER. 

THE  aspects  of  nature  provoke  in  man  the  spirit  of 
enquiry.  As  the  eye  is  made  for  seeing,  and  the 
car  for  hearing,  so  the  human  mind  is  formed  for  under- 
standing the  phenomena  of  the  material  universe.  The 
natural  philosophy  of  our  day  results  from  the  irrepressi- 
ble exercise  of  this  endowment.  One  great  characteristic 
of  Natural  Science  is  its  growth ;  all  its  facts  are  fruitful, 
every  new  discovery  becoming  instantly  thcgerm  of  fresh 
investigation.  But  no  nobler  example  of  this  growth 
could  be  adduced  than  the  expansion  and  development 
which  men's  thoughts  and  knowledge  have  undergone 
within  the  last  two-and-twenty  years,  with  reference  to  the 
subject  which  is  now  to  occupy  our  attention.  In  scien- 
tific manuals,  only  scanty  reference  has,  as  yet,  been 
made  to  the  modem  philosophy  of  Ileat,  and  thus  the 
public  knowledge  regarding  it  remains  below  the  attain- 
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able  level.  But  the  reserve  is  natural,  for  the  eabjcot  i 
still  an  entODgkd  one,  and,  in  Mitcring  apon  it,  we  mnst  l 
prepared  to  encounter  difficolties.  In  the  whole  range  o 
Katnral  Sdence,  however,  there  are  none  more  worthy  ol 
being  overcome, — none  whose  subjugation  secures  a  greate 
reward  to  tho  worker.  For  by  mastcting  the  laws  and  n 
laljons  of  Heat,  we  make  clear  to  oar  minda  the  intenlt 
pcndence  of  natural  forces  generally.  Let  us,  then,  o 
menc«  our  labours  with  heart  and  hope ;  let  os  fainilia: 
ourselves  with  the  latest  facts  and  conceptions  regard 
this  all-pervadiug  agent,  and  seek  diligently  the  links  o: 
law  which  underlie  the  facta  and  give  unity  to  their  n 
diverse  appearances.  If  we  succeed  here  we  shall  satisfj 
to  an  extent  unknown  before,  that  love  of  order  and  o: 
beauty  which,  I  am  pcri^uaded,  is  implanted  in  the  i 
of  every  person  here  present.  From  the  heights  at  wUo 
we  aim,  we  shall  have  nobler  glimpses  of  the  system  of' 
Nature  than  could  possibly  be  obtiuned,  if  I,  while  actinj 
aa  your  guide  in  the  region  which  we  are  now  about  to  ea 
ter,  were  to  confine  myself  to  iu  lower  levels  and  already 
trodden  roads. 

It  is  njy  firat  duty  to  make  you  acquainted  with  bok 
of  the  instruments  which  I  intend  to  employ  in  the  vxan 
nation  of  tliis  question,  I  must  devise  some  means  t 
making  the  indications  of  heat  and  cold  viable  to  yon  a 
and  for  this  purpose  an  ordinary  thermometer  wotdd  b 
useless.  You  could  not  see  its  action ;  and  I  am  anxiou 
that  yon  should  see,  with  your  own  eyes,  the  facta  a 
which  our  subsequent  pliilosophy  is  to  be  based.  I  wish  t 
give  you  the  material  on  which  an  independent  judgmeo 
may  be  founded ;  to  enable  you  to  reason  as  I  reason  if  yo 
deem  mo  right,  to  correct  me  if  I  go  astxay,  and  to  cenaui 
mo  if  you  find  mo  dealing  unfiurly  with  my  eubjeot.  ~" 
secure  these  ends,  I  have  been  obliged  to  abandon  the  n 
of  a  common  thcnuometcr,  and  to  resort  to  the  little  ij 
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stmment  a  b  (fig.  1),  which  yoa  Bee  before  mc  on  the  table, 
and  which  is  called  a  thermo-electric  pQe.* 

By  means  of  thin  instrument  I  cause  the  heat  which  it 
jeivcs  to  generate  an  electric  current.  Yon  know,  or 
ght  to  know,  that  encli  a  current  has  the  power  of  ilc- 
Bting  a  freely  Euspendcd  nuignciic  needle,  to  wliich  it 
VB  parallel.  Before  yon  I  liave  placed  such  a  needle 
;.  1),  Burroimdod  by  a  covered  copper  wire,  the  iVee 


ends  of  which,  m  w  are  connected  with  the  themio-clectrio 
pile.  The  nccdlo  ia  suepended  by  a  fibre,  3  s,  of  iinspmi 
silk,  and  protected  by  a  glass  ghade,  o,  from  any  disturb- 
ance by  currents  of  dr.  To  one  end  of  the  noudlc  I  liino 
fijted  a  piece  of  red  paper,  and  to  the  other  end  a  piece  of 
blue.  All  of  yon  see  these  pieces  of  paper,  and  when  the 
needle  moves,  it«  motion  will  be  clearly  visible  to  the  moat 
^^tant  person  in  this  room.| 

■  A  brief  descriplion  of  tlio  Ihcrmoclcctric  pile  ia  given   in   the 

"lis  Lecture, 
f  In  Ibo  Bctiul  arrangement  the  gtlruiomclcr  bcrc  descnbed  Oood  an. 
il  ia  ttoal  of  the  lecture  (able,  the  vires  a  w,  being  Buffleicullf  lung 
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At  the  present  moment  the  needlo  is  quite  at  rest,  i 
pomts  to  the  zero  mark  on  the  graduated  diso  imderneatli 
it,  Thia  Bhows  that  there  is  no  current  passing,  I  noi 
breathe  for  an  instant  agdnsl  the  naked  face  a  of  tlio  pil 
— a  single  puff  of  breath  is  guffieicnt  for  iny  pm 
observe  the  efiecl-  The  needle  starts  off  and  passes  tlitongj 
an  arc  of  90°.  It  would  go  further,  did  I  not  Umit  i 
HW'ing  by  fixing,  edgewise,  a  thin  ])late  of  luioa  &t  00* 
Take  notice  of  the  direction  of  the  defloetioD ;  the  red  e 
of  the  needle  moved  from  rae  towards  you,  aa  if  it  dislik 
mo,  and  had  been  Inspired  by  a  euddcn  affection  for  y 
This  action  of  the  needle  is  produced  by  the  small  a 
of  warmth  communicated  by  my  breath  to  the  face  of  th 
pile,  and  no  ordinary  thermometer  could  give  so  large  s 
prompt  an  indication.  Wc  will  let  the  heat  thos  oommtnu 
cated  waste  itself;  it  will  do  bo  in  a  very  short  time,  i 
you  notice,  as  the  pile  cools,  that  the  needle  returns  to  it 
first  position.  Observe,  now,  the  effect  of  cold  on  the  (act 
of  the  pile.  I  have  here  some  ice,  but  I  do  nut  wish  to  wo 
my  instrument  by  touching  it  with  ice.  Instead  of  doinj 
so,  I  mil  cool  this  plate  of  metal  by  placing  it  on  the  ice 
then  wipe  the  chilled  metal,  aud  toni^  with  it  the  face  of 
the  pile.  You  see  the  effect ;  a  moment's  contact  snffiood 
to  produce  a  prompt  and  energetic  deflection  of  the  needle 
But  mark  the  cUrection  of  tlie  deflection.  When  the  pil 
was  warmed,  the  red  end  of  the  needle  moved  from  m 
towards  you  ;  now  its  likings  are  rovcrBed,  ajid  the  red  en( 
moves  from  you  towards  me.  Thus  yon  see  that  cold  t 
heat  cause  the  needle  to  move  in  opposite  directions.  Tb 
important  pomt  here  established  is,  that  from  the  direclioi 
in  which  tlie  needlo  moves,  wo  can,  with  cert^ty,  infe 
wii2ther  cold  or  heat  has  been  communicated  to  the  pile 

tn  rtacli  nviia  the  tabic  to  the  iIdoI  ;  for  8  Turtbur  ilotcriplloa  of  U 
v.iDoracter,  boo  ihe  Ajippnilii  lo  ihU  Leclurp.  '^~ 
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ii!  the  energy  with  whicli  the  needle  moves — the  prorupt- 
ir^  with  which  it  is  driven  aside  from  its  position  of  rest 
— gives  ws  some  idea  of  the  comparative  quantity  of  heat 
or  cold  imparled  to  it  in  different  cases.  In  a  future  leetnre 
I  shall  eiplan  how  wo  may  Pipresa  tiio  relative  quantities 
.  r  heat  witli  numerical  accuracy ;  but  for  tlie  present  a  gen- 

I  :al  knowledge  of  the  action  of  our  instruments  will  bo 
ulBcient, 

My  desiro  now  is  to  connect  heat  with  the  more  famil- 
iar forms  of  force,  and  I  will,  therefore,  in  the  firet  place, 
try  to  furnish  you  with  a  store  of  facts  iUnstrativo  of  the 
truneratioQ  of  heat  by  mechanical  processes.    I  have  placed 
[lie  jjioeea  of  wood  in  the  nest  room,  which  my  assistant 

II  ill  now  hand  to  me.     Wliy  liavo  I  placed  tiiem  there  ? 
iply  that  I  may  perform  my  experiments  with  that  sin- 

f  of  mind  and  act  which  science  demands  from  her 
tors.  T  know  that  the  tcmpcratiu'o  of  that  room  is 
f  lower  than  the  temperature  of  this  one,  and  that 
3  the  wood  which  is  now  before  me  must  he  slightly 
r  than  the  face  of  the  pile  with  which  I  intend  to  tost 
I  temperature  of  the  wood.  Let  us  prove  this.  I  place 
H  face  of  the  pile  against  this  piece  of  wood;  tliered  end 
1  needle  moves  from  you  towards  rae,  thus  showing 
t  the  contact  has  chilled  tlio  pile.  I  now  oarefully  ruh 
'  eof  the  pile  along  the  surface  of  the  wood ;  I  say 
feftiUy,'  hocanse  the  pile  is  a  brittle  instrument,  and 
3  would  destroy  it ; — mark  what  occurs.  The 
L  and  energetic  motion  of  the  needle  towards  you 
H  that  the  face  of  the  pile  has  been  heated  by  tlua 
t  of  friction.  The  needle,  yon  observe,  goes 
p  to  00°  on  the  side  opposite  to  that  towards  which 
>ved  hefore  the  friction  was  applied. 

'  these  experiments,  which  illustrate  the  developo 

r  beat  tiy  mechanical  roeaus,  muBt  be  to  us  what  a 

il  exercises  are  to  hJui.    In  order  to  fix  tlicm  on 


18  LECTTEE   I, 

our  minds,  And  obtain  due  tnastciy  over  them,  we  must  n 
peat  and  vary  them  in  many  ways.  In  this  task  I  aek  yol 
to  accompany  me.  Hero  is  a  flat  piece  of  brass  with  a  at« 
attached  lo  it ;  I  take  the  stem  in  my  fingers,  preserrin 
the  brass  from  all  contact  with  my  warm  hand,  by  envcloj 
ing  the  stem  in  cold  flannel.  I  place  the  brass  in  conta^ 
with  the  face  of  my  pile ;  the  needle  moves,  showing  thi 
the  brass  is  cold.  I  now  rub  the  brass  against  the  surl^ 
of  tliis  cold  piece  of  wood,  and  lay  it  once  more  agiui 
my  pile,  I  withdraw  it  instantly,  for  it  is  so  hot  that  if 
allowed  it  lo  remain  in  contact  with  the  instrument,  tl 
current  generated  would  dash  my  needle  riolently  agjuQ 
its  slops,  and  probably  derange  ita  magnetism.  You  « 
the  strong  deflection  which  oven  an  instant's  contact  ct 
produce.  ludeed,  when  a  boy  at  school,  I  have  often  bl 
tered  my  hand  by  the  contact  of  a  brass  button,  which 
had  rubbed  energetically  against  a  form.  Here,  also,  is 
razor,  cooled  by  contact  with  ice  ;  and  here  is  a  hone,  wili 
out  oil,  along  which  I  rub  my  cool  razor,  as  if  to  sharp* 
it.  I  now  place  iho  razor  against  the  face  of  the  pili 
and  you  see  that  the  steel,  which  a  minute  ago  was  coW 
is  now  Lot.  Similarly,  I  take  this  knife  and  knife-boar 
which  arc  both  cold,  and  rub  the  knife  along  the  board, 
place  the  knife  agamst  the  pile,  and  you  ob9er\-e  tie  result 
a  powerful  deflection,  which  declares  the  knife  to  bo  ho 
I  pass  this  cold  saw  through  this  cold  piece  of  wood,  a 
pbce,  in  the  first  uiatance,  tlie  aurfaco  of  the  wood  agau 
which  tlie  saw  has  rubbed,  in  contact  with  the  pile, 
noodle  instantly  moves  in  a  direction  wliich  shows  tl 
wood  to  bo  heated.  I  allow  the  needle  to  return  to  xcr 
and  now  apply  the  saw  to  the  pile.  It  also  is  hot.  Thai 
are  the  Eimplest  and  most  common-placo  examples  of  tl 
generation  of  heat  by  friction,  and  I  choose  them  for  ih 
reason.    Mean  as  tliey  appear,  they  will  lead  us  by  dej 
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*  the  Bocrct  recesses  of  Nature,  and  lay  oitcn  to  our 
new  tlic  policy  of  the  material  universe. 

Let  me  now  make  an  cxperimcut  to  illuatrato  the  do- 
lopc-incnt  of  heat  by  eompression.    I  have  here  a  piece 
f  dtitti,  cooled  below  the  temperature  of  the  room,  and 
big,  when  placed  in  contact  with  our  pile,  the  duHection 
iiMlicates  cold.     I  place   this  wood  between  Uie 
»  of  ■  small  Lydraulio  preGS,  and  equeozc  it  forcibly. 
!  plalcs  of  the  prcaa  are  also,  you  will  observe,  cooler 
B  tbe  air  of  the  room.     After  compreaaion,  I  bring  the 
d  into  contfict  with  the  pile  ;  see  the  effect.    The  gal- 
meter  deelareB  tltat  heat  has  been  developed  by  the 
I  of  compreasion.    Precisely  the  same  occurs  when  I 
!  tliia  lead  bullet  between  the  plates  of  the  press  and 
e  it  tbus  to  flatness. 

1  now  for  the  eOcct  of  percussion.    I  have  here  a 
1  lead  bullet,  which  I  place  upon  this  cold  anvil,  and 
e  it  with  a  cold  sledge  hammer.    The  sledge  descends 
h  s  certain  mecluuiieal  force,  and  its  motion  is  suddenly 
royod  by  the  bullet  and  anvil ;  apparently  the  force  of 
k  sledge  is  Iobl    But  let  us  examine  tbe  lead ;  you  see  it 
•  beated,  and  could  we  gather  up  all  tbe  beat  generated  by 
tbe  Ehock  of  the  sledge,  and  apply  it  without  loss  mechan- 
ically, wo  should  bo  able,  by  means  of  it,  to  lift  this  ham- 
r  to  the  height  from  which  it  fell. 
t  lJl«Tehcroarranged  another  e.i:porunent,  which  iaalmoat 
It  to  be  performed  by  tbe  coarse  apparatus  necea- 
f  in  a  lecture,  but  which  I  have  made  several  times  bo- 
I  eoterlng  ibis  room  to-day.     Into  this  small  basin  I 
r  a  quantity  of  mercury  which  has  been  cooled  in  tbe 
[  have  coated  one  of  tbe  facea  of  my  tbermoi 
trie  pile  with  vamisb,  so  na  to  defend  it  from  the  niei^ 
',  irbich  would  otherwise  destroy  the  pile  ;  and,  thus 
ted,  I  can,  as  you  observe,  plunge  the  pile  into  tbe 
U(l  mctaL     Tlie  dcflcotiou  of  the  needle  shows  you  tlial 
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tbo  mercury  is  cold.  Hero  are  two  glasses  a  and  b  ( 
2),  Bwathed  thickly  ronnd  by  listing,  whicli  iriU  elTcctuiiily 
prevent  the  warmth  of  my  hands  from  reaching  the  mer- 
cury. Well,  I  pour  the  cold  mercury  from  the  one  glass 
into  the  other,  and  back.  It  falls  with  a  certain  mechani- 
cal force,  it<3  motion  ia  destroyed,  but  heat  ia  developed. 
The  amount  of  heat  generated  by  a  single  pouring  out  18 
extremely  small ;  I  could  tell  you  the  exact  amount,  bat 
sball  defer  quantitative  conudcratious  till  our  next  lecture ; 
so  I  pour  the  mercury  from  glass  to  glass  ten  or  fifteen, 
times.  Now  mark  the  I'esult,  when  the  pile  is  plunged  intOt 
the  mercury.  The 
^'^  needle  moves,  and  its 

motion  declares  that 
the  mercury,  which 
at  the  hojH lining  of 
the  experiment  Wtl« 
cooler  than  tbe  pile, 
is  now  warmer  than 
the  pile.  Wo  her© 
introduce  uto  the 
Iceture-room  an  eSbat 
which  ocom-s  in  na- 
ture at  the  base  of  ev- 
ery waterfall.  TliorB 
are  friends  before  mo 
who  liiive  stood  amid  the  foam  of  Niagara.  Had  tiej", 
when  there,  dipped  sufficiently  eeositive  thermometers  into 
the  water  at  the  top  and  bottom  of  the  cataract,  they  would' 
have  found  the  latter  a  little  waimer  than  the  former.  15w 
wulor's  tradition,  also,  is  theoretically  correct ;  the  BC 
rendered  wanner  through  the  agitation  produced  by  a 
8torm,  the  mcclianical  da«h  of  ita  biUowB  being  DldmUdy 
converted  into  heat. 

"Whenever  friction  is  overcome,  heat  is  produced,  imd 
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the  teat  produced  is  tlie  meoBure  of  the  force  expended  in 
orenxtmiDg  the  friction.  The  heat  is  amply  the  prhniiivo 
force  in  another  fonn,  and  if  we  wish  to  avoid  this  conver- 
Eion,  we  must  abolish  the  friction.  We  usually  pat  oil 
upon  Hk  Enrfaoe  of  a  hone,  wo  grease  a  saw,  and  are  care- 
ful to  lubricate  the  axles  of  our  railway  carriages.  Wliat 
are  we  rejilly  doing  in  these  cases  ?  Let  us  get  general 
notions  firet ;  we  shall  come  to  particidars  aftomards.  It  is 
the  object  of  a  railway  engineer  to  urge  bis  train  bodily 
v.  .m  one  place  to  another ;  say  from.  London  to  Edinburgh, 
r  from  London  to  Oxford,  as  the  case  may  be ;  ho  wishes 
■.o  >{<ply  the  force  of  his  steam,  or  of  his  furnace,  wliich 
m  tension  to  the  steam,  to  this  particular  pnrpose. 
a  not  hia  interest  to  allow  any  portion  of  that  force  to 
ftAonverted  into  another  foi-m  of  force  which  would  not 
r  the  attainment  of  his  object.  He  docs  not  want 
I  heated,  and  hence  he  avoids  as  much  as  possible 
ing  his  power  in  heating  them.  In  fact,  he  has  ob- 
1  his  force  from  heat,  and  it  is  not  his  object  to  rccon- 
'  B  force  thus  obtained  into  its  primitive  form.  For, 
ry  degree  of  temperature  generated  by  tbo  friction 
1  axles,  a  definite  amount  would  bo  withdrawn  from 
tg  force  of  hia  engine.  There  is  uq.  force  lost  ab- 
Could  we  gather  up  all  iho  heat  generated  by 
)  ftictlon,  and  could  wo  apply  it  all  mechanically,  ire 
",  by  it,  bo  able  to  impart  to  the  train  the  precise 
t  of  speed  which  it  had  lost  by  the  fiiction.  Thus 
f  one  of  those  railway  porters  whom  you  see  moving 
t  with  his  can  of  yellow  grease,  and  opening  the  little 
s  whicli  surround  tlio  carriage  axles,  is,  without  know- 
,  Ulnstntting  a  principle  which  forms  the  very  solder 
tare.  In  so  doing,  he  is  unconsciouiily  affirming  both 
nvertibility  and  the  indestructibility  of  force.  He  is 
lOy  BiBprting  that  mechanical  energy  may  be  con- 
>  heat,  nnd  that,  i\licii  i^'i  converted,  it  cannot 
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Still  eidst  as  mechanical  energy,  but  that,  for  every  degreo  I 
of  heat  develoj)e<],  a  strict  and  proportional  equivalent  <^  f 
the  looomotive/orix  of  the  engine  disappears.  A  station  ft  I 
njiproached,  say  at  the  rate  of  thirty  or  forty  miles  an  honr}|l 
the  brake  ia  applied,  and  smoke  and  sparks  issue  from  t' 
wheel  on  which  it  presses.  The  triun  is  brought  to  rest* 
How  7  Simply  by  converting  the  entire  moving  force  wlu 
it  possessed,  at  the  moment  the  brake  waa  appUed,  into  b 

So,  also,  witli  regard  to  the  greasing  of  a  saw  by  a  o 
peator.  He  applies  the  muscular  force  of  his  arm  with  H 
express  object  of  getting  through  the  wood.  He  wiehes  % 
tear  the  wood  asunder,  to  overcome  its  meclianical  cohes 
by  the  teeth  of  his  saw.  \Vlien  the  saw  moves  Btjffly,  4 
ncoount  of  the  friction  against  its  flat  surface,  the  1 
amount  of  force  may  produce  a  much  smaller  effect  t 
when  the  implement  moves  without  friction.  But  in  wlj 
sense  smaller  ?  Not  absolutely  bo,  but  umaller  aa  reg« 
the  act  of  sawing.  The  force  not  expended  in  the  sawiJ 
is  not  lost ;  it  is  converted  into  heat,  and  I  gave  you  I 
eiiample  of  this  a  few  minutes  ago.  Here  again,  if  1 
could  collect  the  heat  engendered  by  the  friction,  and  ajq 
it  to  urge  the  saw,  we  should  make  good  the  precise  amotd 
of  work  which  the  carpenter,  by  neglecting  the  lubricatlo^ 
of  his  implement,  had  simply  converted  into  another  ion 
of  power. 

We  warm  our  hands  by  rubbing,  and  in  the  case  ( 
frostbite  we  thus  restore  the  necessary  heat  to  the  injurg 
parts.  Savages  have  the  art  of  producing  fire  by  the  a 
ful  friction  of  well-chosen  pieces  of  wood.  It  is  enay  ^ 
char  wood  in  a  lathe  by  friction.  From  the  feet  of  t'^ 
labourers  on  tlie  roads  of  Hampshire  sparks  issue  copiooi 
on  a  dark  night,  the  collision  of  their  iron-«hod  aliM 
against  the  flints  producing  the  effect.  In  the  comm 
flint  and  steel  the  particles  of  the  metal  struck  off  a 
much  heated  by  the  collision  that  they  take  tire  and  bum  jj 
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the  air.  But  the  heat  precedes  the  combustion.  Davy 
fimnd  that  when  a  ganloick,  with  a  flint,  was  discharged  in 
vaeuo,  no  sparks  were  produced,  bat  the  particles  of  steel 
gfcmck  aS,  when  examined  nnder  the  microscope,  showed 
Bgns  of  fusion.*  Here  is  a  large  rock-crystal ;  I  have  only 
to  draw  this  small  one  briskly  along  it,  to  produce  a  stream 
of  li^t ;  here  are  two  quartz  pebbles,  I  have  only  to  rub 
them  together  to  make  them  luminous. 

A  bullet,  in  passing  through  the  air,  is  warmed  by  the 
friction,  and  the  most  probable  theory  of  shooting  stars  is 
that  they  are  small  planetary  bodies,  revolving  round  the 
nm,  which  are  caused  to  swerve  from  their  orbits  by  the 
attraction  of  the  earth,  and  are  raised  to  incandescence  by 
friction  against  our  atmosphere.  Mr.  Joule  has  shown 
that  the  atmospheric  friction  is  competent  to  produce  the 
eiEeot ;  and  he  may  be  correct  in  believing  that  the  greater 
portion  of  the  a£roUtes  are  dissipated  by  heat,  and  the 
earth  thus  spared  a  terrible  bombardment.}  These  bodies 
move  with  planetary  velocity ;  the  orbital  velocities  of  the 
four  inferior  planets  are  as  foUows : — 

Miles  per  second. 
Mcrcufy,      ......    80-40 

Vtmia,  .  ...     22-24 

Earth, 18-91 

Xftn,  .  .  .  .     15-82 

while  the  velocity  of  the  aerolites  varies  from  18  to  86 
miles  a  second.^  The  friction  engendered  by  this  enor- 
mous speed  is  certainly  competent  to  produce  the  effects 
ascribed  to  it. 

More  than  sixty-four  years  ago  Count  Rnmford,  who 
was  one  of  the  founders  of  the  Royal  Institution,  exe- 
cuted a  series  of  experiments  on  the  generation  of  heat 

•  Workfl  of  Sir  IT.  Davy,  vol.  ii.  p.  8. 

f  FhOofophical  Mogazinc,  4th  Scries,  vol.  xxxii.  p.  849. 

X  Galbnith  and  Iloiighton^s  Manual  of  Astronomy,  p.  18. 


by  friction,  wLich,  viewed  by  the  light  of  to-day  arc  of 
the  highest  interefit  and  importance.     Indeed,  the  senicvsi 
which  tbit!  Inatiluiion  has  rendered,  in  connection  with 
this  question  of  the  brotherhood  of  natural  forces,  cjin 
never  be    forgotten.      Thomas   Young,  a    former    profes- 
sor of  this  Institution,  laid  the  foundalions  of  the  undulur  _ 
tory  theory  of  light,  which,  in  its  fullest  application,  t 
braces  our  present  theory  of  heat.    Davy  entertained  s 
stantially  the  eame  views  regarding  heat  as  tUoso'whiollI 
am  now  endeavouring  to  approach  and  elucidate.     Farat 
established  the  laws  of  equivalence  between  chemistry  ssj 
electricity,  and  bis  magneto-electric  discoveries  were  1* 
very  first  seized  upon  by  Mr.  Joule  in  illustration  o 
mutual  convertibility  of  heat  and  mechanical  action.*  ] 
ford,  in  a  paper  of  great  power  both  as  regards  reas 
-■md  experiment,  advocated  in  ITOSf  tlie  doctrine  reganl 
the  nature  of  heat  wbicli  the  recent  experiments  of  eminfl^ 
men  liavc  placed  upon  a  secure  basis.    While  engaged  J 
the  boring  of  cannon  at  Munich,  he  was  so  forcibly  s 
by  the  large  amount  of  heat  developed  in  the  process  4 
boring,  that  he  was  induced  to  devise  an  spparatoB  I 
the  special  examination  of  the  generation  of  heat  by  f 
tion.    He  had  constructed  a  hollow  cylinder  of  iron,  ii 
which  be  fitted  a  solid  phmger,  which  was  caused  to  pr« 
against  the  bottom  of  tho  cylinder.     A  box  which  bhi^  ' 
rounded  the  cylinder  contained  18J  lbs.  of  water,  in  which 
a  thermometer  was  placed.  The  original  temperature  of  the 
water  was  60°.    The  cylinder  was  turned  by  horse-Iabonr. 
and  an  hour  after  the  friction  had  commenced  the  tempi 
ture  of  the  water  was  107°,  having  been  raised  47°. 
an  hour  afterwards  be  fonnd  the  temperature  to  be  H^ 
The  action  was  continued,  and  at  the  end  of  two  hooTB  ^ 


•  rliUosophlcnl  Magwiiio,  4lli  Series,  vol.  xiiiL  jip.  2flB,  S47.  4S6.  I 
f  Ansltstrnct  of  (Lis  paper  ugivm  in  llio  Apprnilii  t'l  Locturoll.  \ 
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lempe«>tape  as  1V8'.    At  the  end  of  two  hours  and  twenty 
inmates  it  was  SOO^,  and  at  two  hours  and  thirty  minutes 
■■•ra  the  commenot-tuent  (Ac  teater  actually  boiled f    Rum- 
■  Vn  descriptiou  of  the  effect  of  this  experiment  on  those 
h-i  witucssed  it,  is  quite  delightful.    'It  would  bo  diffi- 
i'.t,'  lie  eaysj'to  describe  the  surprise  and  astonishment 
jireaswi  in  the  coontenanoes  of  the  bystanders  on  seeing 
1  l-irge  u  quantity  of  water  heated,  and  actually  made  to 
boa,  without  any  fire.     Thongh  there  was  nothing  that 
toald  be  oonsiderod  very  surprising  in  this  matter,  yet  I 
adoiowleilge  fairly  that  it  aSbrdrd  mo  a,  degree  of  childish 
jJiaMtrG  which,  wore  I  ambitious  of  tie  reputation  of  a 
ptnre  philosopher,  I  ought  most  certainly  rather  to  hide 
than  to  dieooTer.'*    I  am  sure  that  both  you  and  I  con  dis- 
feasc  with  the  application  of  any  philosophy  which  would 
(tifle  flooh  emotion  as  Rum  ford  here  avowed.    In  connec- 
tion with  this  Btrildng  experiment,  Mr.  Joulef  has  estimated 
the  atnotmt  of  mechanical  force  expended  in  producing  the 
boUf  and  obtained  a  result  which  '  is  not  very  widely  dlffer- 
ent '  from  tliat  which  greater  knowledge  and  more  rofmed 
^  lU^riiiMiiits  enabled  Mr.  Joule  himself  to  obtain,  as  regards 
"  1  DmneHoal  npiivalonce  of  heat  and  work. 

It  would  be  absurd  oo  my  part  to  attempt  here  a  repo- 
1  of  Uio  experiment  of  Count  Rumford  with  all  its 
I  cannot  devote  two  hours  and  a  half  to  a  sin- 
ft  experiment,  but  I  hope  to  be  able  to  show  you  substan- 

illy  the  same  effect  in  two  minutes  and  a  half.    I  Iiave 

hare  a  bnue  tube,  four  inches  long,  and  tliree  quarters  of 
an  incli  in  interior  diameter.    It  is  stopped  at  the  bottom, 
•  ,Md  I  llitM  screw  it  on  to  a  whirling  table,  by  means  of 
\  T  can  cause  the  upright  tube  to  rotate  very  rapidly. ' 
s  lierv  two  pieces  of  oak  wood,  united  by  a  hinge,  and 

■  Itumrnrd'))  Eesifj,  vol.  il  p.  454. 
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in  which  are  two  Hemiclrcnlar  grooves,  which  are  intendet 
to  einhrace  the  brass  tube.     Thus  the  pieocs  of  wood  ton 
a  kind  of  tonga,  T  (fig.  3),  by  gently  nqueezing  which  I  c 
produce  friction  between  the  wood  and  the  brass  tubi 
when  the  lattor  rotates.    I  almost  fill  the  tube  with  o  " 


Fi«.a 


water,  and  stop  it  with  a  cork,  to  prevent  the  epladiug  I 
of  the  liquid,  and  now  I  put  Uic  maclune  in  motion.  J 
the  action  continues,  tho  temperature  of  the  water  ri« 
and  though  the  two  minutes  and  a  half  have  not  yet  oUpsej 
those  near  the  apparatus  will  see  steam  escaping  from  t 
cork.  Three  or  four  timcB  to-day  I  have  projcett'd  the  eod 
by  the  force  of  the  steam  to  a  height  of  twenty  feet  in  tJ 
air.  There  it  goes  ag^n,  and  t!ie  steam  foUoWB  it,  pro 
ducing  by  its  precipitation  this  small  cloud  in  the  I 
moBpherc. 

In  all  tho  cases  hitherto  introduced  to  your  notice,  be 
has  been  generated  by  Hxq  expenditure  of  mechanical  foH 
Our  experiments  have  gone  to  show  that  where  mecbama 
force  is  expended  heat  is  produced,  and  I  -wvih  now  I 
'bring  before  you  tho  converse  osiieriment,  that  is,  the  o 
gumption  of  heat  in  nioehanical  work.  And  should  yon  a 
present  find  it  diflicult  to  form  diHlincl  conceptions  as  1) 
the  bearing  of  theeo  esperiments,  I  exlinrt  yon  to  bo  p 
tiont.     Wo  arc  engaged  on  a  difficult  nnd  entimglcd  B 
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ject,  v1u<^,  I  bope,  we  eball  disentangle  as  we  go  along, 
I  b>TO  here  a  strong  veaset,  filled,  at  the  present  moment, 
whh  Domlfressed  air.  It  bits  beea  now  compressed  for  some 
honnt,  so  ihat  the  temperature  of  the  air  wilbiii  the  vessel 
B  the  same  as  that  of  the  Mr  of  tbe  room  without  it.  At 
th* preaenl  moment,  tlien,  this  inner  air  is  pieatung  agaiomt 
the  rides  of  the  vessel,  and  if  I  open  this  cock  a.  portion  of 
ifae  air  will  rush  violenily  out  of  the  vessel.  The  word 
Ij^nniii,*  however,  but  vaguely  expresses  the  true  state  of 
lie  air  whicli  rushes  out  is  driven  out  by  the  air 
;  this  latter  accomplishes  the  work  of  urging  for- 
1  tlie  stream  of  air.  And  what  nill  be  the  condition 
Ktt>  working  air  during  this  process  ?  It  will  he  chilled, 
I  perfonoB  mechanical  work,  and  iho  only  agent  which  it 
I  npon  to  perform  it  is  the  heat  which  it  possesses, 
1  to  wlucb  the  elastic  force  with  which  it  presses  against 
" "  a  of  the  vessel,  is  entirely  dae.  A  portion  of  this 
It  will  bo  consumed  and  the  air  will  be  cliUled.  Observe 
dii)  orjieriment  whicli  I  am  about  to  make.  I  will  turn 
tLv  cock  e,  and  allow  the  current  of  air  from  the  vessel  v 
;.  A),  to  strike  against  the  face  of  the  pile  p.     See  how 


the  magnetic  needle  responds  to  t!ie  act;  its  red  end  ) 
driven  towards  mo,  thus  declaring  that  the  pile  has  bM 
chilled  by  the  current  of  air.  • 

The  effect  is  different  when  a  currant  of  air  is  r 
from  tbe  nozzle  of  a  common  bellows  against  the  then 
electric  pile.  In  the  last  experiment  tho  mechanical  woA 
of  orging  the  bit  forward  was  performed  by  the  air  itseli^ 
and  a  portion  of  its  heat  was  consumed  in  the  effort.  In 
the  case  of  the  bellows,  it  is  ray  muscles  which  perfom 
the  work.  I  raise  the  upper  board  of  the  bellows  and  tl 
air  nishes  in ;  I  press  the  boards  with  a  certain  force,  a 
the  air  rushes  out.  The  expelled  air  strikea  the  face  of  tl 
pOc,  has  its  motion  stopped,  and  an  amount  of  beat  cquivi 
lent  to  the  dcstmction  of  this  motion  is  instantly  genflTato" 
Thus  yon  observe  that  when  I  urge  with  the  bellows  i 


(lig.  6),  a  current  of  lur  against  the  pile,  the  red  end  of  the 
needle  mores  towards  you,  thereby  showing  tliat  the  face 
of  the  pile  has  been,  in  this  instance,  xearmtid  by  the  mi-.  I 
have  hero  a  bottle  of  soda  water ;  at  present  the  bottle  i: 
slightly  -warmer  than  the  pile,  as  you  see  by  the  deflection 
it  produces ;  I  cut  the  strings  which  holds  the  cork,  and  it 
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is  it  driven  oat  by  tho  clastic  force  of  the  carbonic  acid 
gas ;  tlie  gas  performs  work,  in  so  doing  consnines  heat, 
and  now  the  deflection  it  produces  is  tiiat  of  cold.  Tho 
tmest  romance  is  to  be  found  in  the  details  of  daily  life, 
and  here,  in  operations  with  which  every  child  is  familiar, 
we  shall  gradually  discern  the  illustration  of  principles 
from  which  all  material  phenomena  flow. 


Fig.  a. 
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NOTE  OS  THE  CON8TEUCTI0N  OF  THE  TIU:RU&-£LEI?FBI0  PJ 

Lkt  a  b  (Bg.  6)  be  a  bat  of  antUnony,  and  bob  bar  of 
mutii,  and  let  both  bats  bo  soldered  together  at  b.  Let  the 
cads  A  and  c  be  united  by  a  piece  of  wire,  ADC. 
On  warming  the  place  of  junction,  n,  an  electric 
current  is  generated,  the  direction  of  which  is 
from  bismuth  to  autimony  (b  to  A,  or  ttgainst 
the  alphabet),  across  the  junction,  and  from  an- 
timony to  bismuth  (a  to  b,  or  with  the  alpha- 
bet), through  the  connecting  wire,  a  d  c.  The 
arrow  indicates  the  direction  of  the  current. 

If  the  junction  b  be  ekUled,  a  current  ia  gene- 
rated opposed  in  direction  to  the  former.  Tlie 
figure  represents  what  is  called  a  thenuo^lcctric 
pair  or  couple. 

By  the  union  of  several  thermo-electric  paiis, 
a  more  powerful  current  con  be  generated  than  *<^ 

would  be  obtained  Irom  a  single  pair.  Fig.  7, 
for  example,  reprcaents  such  an  arrangement,  in  which  tlie 
bars  are  snpposed  to  be  all  of  bimiuth,  and  tbo  unshaded  ones 
antimony;  on  warming  all  the  junctions,  B,  b,  &c.,  a  current 
generated  in  each,  and  the  sum  of  these  cnrreDts,  all  of  which. 
in  the  same  direction,  will  produce  a  stroDger  rcsnllant  cui 
than  tliat  obtained  from  a  single  pair. 

The  V  formed  by  each  piur  need  not  be  so  wide  as  it  is 
in  flg.  7 ;  it  may  bo  contracted  without  prejudice  to  lie  coii| 
Anil  if  it  is  desircif  to  pack  flOTcrul  pulre  into  a  small  compi 
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I  tacb  separate  eonple  may  bo  arraitged  aa  in  fip.  8,  where  the  black 
4  represent  small  bismuth  liuis,  and  the  whitt:  ones  Emnll  Imra 
tf  antuunoy.  Thej  are  aoldereil  together  at  the  ends,  and  througli- 
it  the  length  are  nsaallf  separated  by  strips  of  paper  merely.    A 


&  of  pairs  thoa  compactly  set  together  constitat^  n  ther- 
mo-electric pile,  a  dnkwing  of  whicli  is  given  in  fig.  9. 

The  current  produced  by  heat  being  always  from  bismuth  to 
antimony  across  the  licalcd  junction,  a  moment's  inspection  of 
fig-  7  will  show  tbat  when  any  one  of  the  jonctiona  &,  A,  is  heated, 
a  cnirent  is  generated,  opposed  ui  direction  to  that  generate 
when  the  lieat  is  npplicd  to  the  junctiom  b,  b.  Hence,  is  the  case 
of  the  thermo-electric  pile,  the  eSect  of  heat  fulling  upon  its  two 


opposite  faces  is  to  produce  currcDts  in  opposite  directions.  If 
the  tempcratuie  of  the  two  facea  be  aliie,  they  neutralize  each 
MliFr,  no  matter  how  high  they  may  be  heated  absolutely,  but  if 
otK  of  them  be  warmer  than  the  other,  a  current  is  produceil.  The 
osrcat  is  thus  due  to  a  difftrerux  of  temperature  between  the  two 
ftCM  of  the  pile,  and  within  cortaiii  limits  the  strength  of  the  cur- 
RDt  is  exactly  proportioned  to  this  difrereuce. 


APPENDIX  TO   LBCTOEB  I 


From  the  joncdon  of  almost  an;  other  two  metals, 
electric  currents  may  be  obtained,  bet  they  are  most  copioi 
generated  by  the  union  of  bismutli  and  antimony.* 


NOTE  ON  THE  COKBTEDCTIOIT  OF  THE  QAI-TAJIOUETEB. 

The  csistencc  and  direction  of  an  electric  current  are  thoti 
by  its  action  upon  a  freely  saspcnded  magnetic  needle. 

Bat  BQch  a  needle  ib  bcld  in  tlio  magnetic  meridian  l^  tj 
nutgnctic  force  of  the  earth.  Hence,  to  more  a  single  needle,  tl 
current  must  overcome  the  magnetic  force  of  the  earth. 

Very  feeble  correnta  are  incompetent  to  do  this  in  a  sufficient 
sensible  degree.  The  following  two  expedients  arc,  therefbi 
combined  to  render  sensible  the  action  of  such  feeble  cmronta  >• 

The  wire  through  which  Uio  current  flows  Ja  coiled  so  ae  I 
surround  the  needle  several  times ;  the  needle  must  swing  freei 
mthia  the  coil.  The  action  of  the  single  current  is  thus  ms 
tiplied. 

The  second  device  ie  to  neutralize  the  dircctivo  force  of  tl 
earth,  without  prejudice  to  the  magnetism  of  tho  needle.  HiIb  . 
accomplished  by  u^g  two  nee- 
dles instead  of  one,  attaching 
them  to  a.  common  vertical  stem, 
and  bringing  their  opposite  poica 
over  each  other,  the  north  end  of 
the  one  needle,  and  the  south  end 
of  tlie  other,  being  thos  turned  in 
tho  Bamo  direction.  Tho  double 
needle  is  represented  in  fig,  10. 

It  must  be  so  arranged  that 
one  of  the  needles  shall  be  within  the  coil  through  vhlcb  tlio  C 

■  Tlio  dlacovcrj  of  tbcrmo-o!cctrioity  is  duo  \a  Tlionias  Sccbcck,  f 
fcssor  in  the  Univemlt;  of  Berlin.  Niiliili  conairuclinl  tlto  Qnt  then 
eloctrio  pile ;  bnt  in  HcIIoni's  hands  H  became  un  Instiumnit  ao  imiiatt 
US  lu  saperacdc  all  othvts  in  rvscarcbcs  on  nullont  heat  To  this  piup 
it  n-ill  be  applied  in  future  lectures. 


Fig.  10. 
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rent  flows,  while  the  other  needle  Bwings  freely  above  the  coil,  the 
Tertkal  oonnectiilg  piece  paasiiig  thiongh  an  appropriate  slit  in 
the  coiL  Were  boUi  the  needles  within,  the  same  current  would 
urge  them  in  opposte  directions,  and  thus  one  needle  would  neu- 
tr^ize  the  other.  But  when  one  is  within  and  the  other  without, 
tbe  current  urges  both  needles  in  the  same  direction. 

The  way  to  prepare  sach  a  pair  of  needles  is  this.  Magnetize 
both  of  them  to  saturation ;  then  suspend  them  in  a  vessel,  or  un- 
der a  shade,  so  as  to  protect  them  from  air-cuRents.  The  system 
win  probably  set  in  the  magnetic  meridian,  one  needle  being  in 
almost  an  cases  stronger  than  jhe  other;  weaken  the  stronger 
needle  carefoUy  by  the  touch  of  a  second  smaller  magnet  When 
the  needles  are  precisely  equal  in  strength,  they  will  set  at  rigU 
ahglMtoihsmagneUemeridiaiik 

It  might  be  supposed  that  when  the  needles  are  equal  in 
strength,  the  directiye  force  of  the  earth  would  be  completely  an- 
nulled, that  the  doable  needle  would  be  perfectly  aOatiCy  and  pcr- 

Flg.  11. 


fectly  neutral  as  regards  direction ;  obeying  simply  the  torsion  of 
its  goqpending  fibre.  This  would  be  the  case  if  the  magnetic  axes 
of  both  needles  could  be  caused  to  lie  with  mathematical  accuracy 
in  the  same  vertical  plane.    In  practice,  this  is  next  to  impos- 

2* 
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sibie ;  the  axes  elttay^  cross  each  other.    Let  n  «, 
represent  the  iixca  of  two  needles  thus  cruiang,  the  mngnet 
meridian  heiDg  parallel  to  h  e  ;  let  th^  pole  n  he  drawn  L 
e&rth's  attractive  force  in  the  direction  n  m ;  the  pole  i" 
nrged  by  the  repuMon  of  the  earth  in  a  precisely  oppuate  d 
tion.    Wben  the  poles  n  and  i  arc  of  exactly  eijuol  strength,  it 
manifest  tliat  the  force  acting  on  the  pole  i',  in  the  case  here  sup- 
posed, would  have  the  advantage  as  regards  leverage,  and  would 
tbcrefoie  overcome  the  force  acting  on  ft.    The  crossed  needles 
would  therefore  turn  away  still  further  from  the  magnetic  c 
dian,  and  a  little  reflection  will  show  that  they  cannot  come  to 
until  the  line  which  bisects  the  angle  enclosed  bj  ihc  needles  is  it  | 
right  angles  to  tlit  magnetic  meridian. 

Thb  is  the  teat  of  perfect  equality  as  regards  tlu  magnet 
of  the  needles ;  but  in  bringing  the  needles  to  this  state  of  p< 
ticin,  wo  have  often  to  pass  through  various  stages  of  obliqiuty  tt 
the  magnetic  moridiuu.  In  these  coses  the  superior  strength  e 
one  needle  is  eompcnaatod  by  an  advantage,  as  regards  lercrs^  J 
possessed  by  the  other.  By  a  happy  accident  a  touch  is  s 
times  sufficient  to  make  the  needles  pcrfevtly  eijuul ;  bat  a 
hours  are  often  expended  in  Becaring  this  result.  It  is  only,  t 
course,  in  very  delicate  esperiments  that  this  perffcot  eqnali^l 
needed  ;  but  in  such  experiments  it  is  essential. 

Another  grave  difflciflty  has  beset  eiperimenters,  even  atler  th^" 
perfect  magnetization  of  their  needles  has  been  accomplished. 
Such  needles  are  seositive  to  the  slightest  magnetic  action,  and 
the  covered  copper  wire,  of  which  the  galvanometer  coils  arg__ 
formed,  naually  contains  a  trace  of  iron  sufficient  to  deflect  t~ 
prepared  needle  from  its  true  position.  I  linve  hod  coils  ii 
thb  dcQectdon  amountinl  to  30  degrees;  and  in  the  splendid  U 
struments  used  by  Professor  Du  Bois  Raymond,  in  his  It 
on  animal  electricity,  the  deflection  by  the  coil  is  eometimes  c 
greater  than  this.  Melloni  cncomitercd  this  difficult,  t 
proposed  that  the  mires  shonld  be  drawn  through  agnto  hud 
thus  avoiding  all  contact  with  iron  or  steel.  ~" 
auoe  lias  always  been  ascribed  to  a  trace  of  ii 
in  the  copper  wire.  Pure  silver  bos  also  been  proposed  ins 
of  copper. 
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[ill  tbermcHilcctric  rcscarcLea  ii 
r-  Ma^us,  of  Berlin,  obtained  pore  coppor, 
■  electrolytic  process,  and  after  tlic  metal  hud 
K  obtuned,  it  nqniied  to  bo  melted  eight  times  in  Bucccasion 
e  it  CDolJ  be  drawn  into  irire.  In  fact,  the  impurity  of  tlio 
n  entirely  vitiated  the  accuracy  of  tlio  instrument,  and  almost 
1^  UDUuut  of  labour  would  be  well  emended  in  removing  this 

HdefecL 
'  Hy  own  csjtericDce  of  this  subject  b  instructive.  I  had  a  beiiu- 
U  instrument  constructed  a  few  years  ago  by  8auerwald,  of  Ber- 
In,  tbe  coil  of  which,  when  no  ciureat  flowed  through  it,  deflected 
mf  douUe  needle  full  SO  degrees  Erom  the  zero  line.  It  was  im- 
pMUble  to  attain  qoantitati-TO  accuracy  with  this  instrument, 

1  hud  the  wire  remored  by  Mr.  Becker,  and  English  wire  used 
m  ila  itcad ;  the  deflection  fell  to  3  degrees. 

Tliis  was  a  great  improTcmcnl,  Imf  not  snScient  for  my  pur- 
I  commenced  to  make  inquiries  about  the  possibility  of 
;  pure  copper,  but  the  result  was  very  discourngmg, 
D,  almoet  despairing,  the  follo\ring  thought  occurred  to  mc : 
K  tctioD  of  the  coil  must  be  due  to  the  admixture  of  iron  with 
Ibtoipper,  for  pure  copper  is  diama^ctic.  It  is  feebly  rtjielUd  by 
I  taong  magnet.  The  magnet  therefore  occnired  to  mu  us  a 
mnni  of  instoDt  analjas;  I  could  tell  by  it,  in  a  moment,  whether 
mj  wire  was  free  trom  the  magnetic  motol  or  not. 

Tbe  wire  of  M.  Sanerwald'a  coil  was  strongly  attracted  by  the 
na^net  The  wire  of  Mr,  Becker's  coil  was  also  attracted,  though 
b  1  much  feebler  degree. 

Both  wires  had  been  covered  by  jfreen  silk ;  I  removed  this, 

bnt  the  Berlin  wire  was  etill  attracted ;  the  English  wire,  on  tho 

wntraiy,   when    presented   naked    to    tho  magnet   was  feebly 

»jyffnii;  it  was  truly  diamagnetic,  and  contained  no  sensible 

"  '  Thus  the  whole  annojancc  was  fixed  upon  the 

me  iron  compound  had  been  used  in  the  dyeing 

t,  and  to  this  the  deviation  of  tbe  needle  from  zero  was  mani- 

1  hail  the  green  coating  removed  and  the  wire  overepun  with 

•*  Klk,  clean  hands  bdng  used  in  the  procesa.    A  perfect  gal- 

T  is  the  result ;  the  needle,  when  released  from  the  action 
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of  tlic  cturent,  returns  occuratcly  to  zero,  and  is  perfectly  tree  from 
nil  magnetic  action  on  tlie  piirt  of  tha  coil.    In  fnct,  wliiJe  we 
Lava  been  devisiiig  agate  plates  and  other  learned  mctliods  to  g 
rid  of  the  nniaoncc  of  a  mugiictic  col),  the  mean 
at  hand.    Let  the  copper  wire  be  selected  Ijj  the  maguct,  and  b 
difficult;  will  be  cxpericuccd  la  obtAinicg  gpedmcns 


LECTURE    II. 


l\ 


I    DVMAHICAI.  TFISORT 


last  lecture  the  developement  of  heat  by  meclian- 
iol  action  was  illustrated  by  a  series  of  experimeuta, 
tUch  showed  that  heat  wae  easily  produced  by  friction, 
Ijoompressioa,  and  by  percussion.  But  facta  alono  can 
aatisfy  the  homan  mind  ;  we  dosiro  to  know  the  inner 
nd  inyiaible  cause  of  the  fact ;  we  Bcarch  aftor  the  prin-» 
i^  by  the  operation  of  which,  tho  phcnomona  arc  pro- 
Why  should  boat  be  generated  by  mochanioal  ac- 
Soii,siid  what  is  the  real  nature  of  the  agent  tfana  gcne- 
Bted?  Two  rival  theories  have  been  ofTercd  in  answer  to 
questions.  Tni  very  ktt'Iy,  however,  one  of  these — 
tewUeruil  theory — had  the  greater  number  of  adberente, 
ng  opposed  by  only  a  few  eminent  men.  Within  cer- 
1  limits  this  theory  involved  conceptions  of  a  very  eim- 
kind,  and  this  simplicity  secured  its  general  acceptance. 
3  mntprial  theory  supposes  hent  to  be  a  kind  of  matter 
.  mbtie  fluid — stored  up  in  the  inter-atomic  spaces  of 
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bodies.    The  laborious  Gmelin,  for  example,  in  liU  Han3^ 
book  of  Cbemislry,  defines  heat  to  be-  '  that  eabatanoi 
whose  cntiMncc  into  our  bodies  causes  the  sensation  c 
warmth,  and  its  egress  the  sensation  of  cold.'*     He  a 
speaks  of  heat  combining  with  bodies  as  one  ponder 
sabstanoc  dees  with  another;  and  many  other  eminei 
chemists  tresit  the  subject  from  tlie  same  point  of  view. 

The  developeraent  of  heat  by  mech.inictil  means,  I 
muoh  as  its  generation  seemed  unlimited,  was  a  great  d 
oulty  with  the  materialists;  bat  they  were  aci|iiainted  with 
the  fact  (which  I  shall  amply  elucidate  in  a  future  lecture) 
that  diflfcrent  bodies  possessed  different  powers  of  holding 
heat,  if  I  may  uso  such  n  term.    Take,  for  example,  t"    " 
two  liquids  wat«r  and  mercury,  and  warm  tip  a  pound  ofl 
each  of  them,  say  from  fifty  degrees  to  sixty.    The  absiM 
lute  quantity  of  heat  required  by  the  water  to  rme  i 
tomperature  10^  is  fully  thirty  tunes  the  quantity  reqnire 
by  the  mercury.    Technically  speaking,  tho  water  ia  i 
to  have  a  greater  capacitj/  for  heat  than  the  mercniy  b 
and  this  term  *  capacity '  is  sufficient  to  suggest  the  viowi 
of  those  who  invented  it.    Tho  water  was  supposed  t 
possess  the  [Kiwor  of  storing  up  the  ciJoric  or  matter  ofi 
heat ;  of  biding  it,  in  fact,  to  such  an  extent  that  it  roquin 
*  thirty  measures  of  this  caloric  to  produce  the  s) 
effect  on  it,  that  one  moasnre  would  produce  upon  mercnrj 

^VIl  substances  possess,  in  a  greater  or  less  degree,  thitf 
apparent  ijower  of  storing  up  beat.    Lead,  ibr  cxampl 
l)0B8Csses  it ;  and  the  exjieriment  with  tlie  lead  bullet,  ii 
which  you  saw  heat  generated  by  compression,  was  o 
ed  by  those  who  held  the  material  theory  in  the  follom 
ing  way.     Tlio  uncompressed  lead,  they  said,  hoa  a  h 
cajiacity  for  heat  than  the  compressed  substance ;  the  si 
of  its  utomio  storehouse  is  diminished  by  compreadon,  a 

*  EogUab  TrauaLilioQ,  vol.  1.  p.  S2. 
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I,  vfaen  the  lead  is  squeezed,  n  portion  of  that  heat 

1,  previons  to  compreasion,  was  hidden,  must  make  its 

ICO,  for  the  compresBed  substance  can  no  longer 

I  it  aU.    In  some  similar  way  the  experiments  on  fric- 

and  percussion  wcro  accounted  for.     The  idt-a  of  call- 

nCTC  heat  into  existence  was  rejected  by  the  hdievers 

material  theory.     According  to  their  views,  the 

tity  of  heat  in  the  universe   is  as  constant  as  the 

li^  of  ordinary  matter,  and  the  utmost  we  can  do  by 

locluuuoal  and  ciicmical  means,  is  to  store  up  this  heat  or 

drive  it  from  its  lurking  place  into  open  light  of  day. 

The  dynamical  theory,  or,  as  it  is  sometimes  called,  the 

ital  theory  of  heat,  discards  tlie  idea  of  materiality 

led  to  heat.    The  supporters  of  this  theory  do  not 

heat  to  be  matter,  but  an  accident  or  condition  of 

;  namely,  a  motion  of  its  ultimate  particles.    From 

direct  contemplation  of  some  of  the .  phenomena  of 

it,  a  profound  mind  is  led  almost  instinctively  to  ^n- 

ie  that  heat  is  a  kind  of  motion.    Bacon  held  a  view  of 

kind,*  and  Locke  stated  a  similar  view  with  singular 

ity.    '  Heat'  he  says,  '  is  a  very  brisk  .igitatjon  of  the 

parts  of  tho  object,  which  produce  in  iis  that 

iion  from  whence  wo  denominate  tlio  object  hot ;  so 

in  onr  senaation  is  heat,  in  the  object  is  nothing  but 

In  our  last  lecture  I  referred  to  the  experimonta 

of  Count  Rumford  f  on  the  boring  of  cannon ;  he  showed 

that  tho  hot  chips  cat  from  his  cannon  did  not  change  their 

Ity  for  heat ;  ho  collected  the  scales  and  powder  pro- 

by  the  abrasion  of  his  metal,  and  holding  tliem  up 


*  Sm  AppL-ndii  to  lliia  Lcrtare. 

f  I  ba?e  [KiTticular  plcnaurv  in  diriK'Uiig  the  render's 
■hatnKt  at  Count  niunfut^n  memuir  on  tlie  Gencrntion  of  Heat  by  Ftie- 
Urn,  Mwntnod  In  the  d,|ip«iidix  to  thin  lui-ture.  Rumlbnl,  !□  liuB  roe- 
mdr,  wiulUlal**  Uu  DuucHal  theory  of  licnt.  Nuthiog  moio  poworfu)  on 
dM  vibjra  Iwi  dtico  tHwn  wrIllcB. 
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l)efi:>ro  tiiii  opponents,  {letnimdod  wbetUor  tUey  believed 
that  tlie  vast  amounl  of  Leat  which  he  had  generated  had 
been  all  8i|tteuzed  out  of  that  modicum  of  crushed  metal  V 
'  You  have  not,'  ho  might  have  added, '  given  yourselves 
the  trouble  to  enquire  whether  any  change  whatever  has 
occnrrod  in  the  capacity  of  the  metal  for  heat  by  the  act 
of  friction.  Yon  are  quick  in  inventing  reasons  to  save 
your  theory  from  destruction,  but  slow  to  enquire  whether 
these  reasons  arc  not  merely  the  finespun  fancies  of  your 
own  l>ruiia.'  Theories  are  indifl]>enaahle,  but  they  Home- 
limes  act  like  drnga  upon  the  mind.  Men  grow  fond  of 
Ihcm  as  they  do  of  dram-diinking,  and  often  feel  discon- 
tented and  irascible  when  the  stimulant  to  the  imagination 
ta  taken  away. 

At  this  point  an  experiment  of  Davy  comes  forth  in  its 
true  signifionDce.*    Ice  is  solid  water,  and  the  BoUd  haafl 
only  one  Imlf  tlic  capacity  for  heat  that  liquid  water  [ 
ficpes.    A  ({uantity  of  heat  wliich  would  raise  a  pound  o 
ice  ten  degrees  in  temperature,  would  raise  a  pound  of  n 
ter  only  five  degrees.    Further,  to  simply  liqucjy  a  n 
of  ioo,  on  enormous  amount  of  heat  is  necessary,  Uiis  h 
bring  80  utterly  absorbed  or  rendered  '  latent '  ai 
no  impression  upon  the  tbermometer.    The  question  ( 
'latent  heat 'shall  be  fiJly  discussed  in  a  futuro  lecture  j| 
what  I  am  desirous  of  impressing  on  you  nt  present  is,  tl 
lypiid  watery  at  its  freezing  temperature,  [wsBeasea  a  v 
greater  amount  of  heat  than  ice  at  the  same  tcmporatuio. 

Davy  reasoned  thus :  '  If  I,  by  friction,  liquefy  ice, 
produce  a  onhstonco  which  contains  a  far  greater  ahaolutl 
amount  of  heat  than  the  ice ;  atid,  in  tins  case,  it  caiinotj 
with  any  show  of  rcison,  be  affirmed  that  I  merely  rentier 
gensible  the  heat  lildden  in  the  ice,  for  that  quantity  ts  ool 
a  small  fraction  of  the  heat  contained  in  the  water.'    ~ 


■  Woiks  »t  Sir  11.  Davy,  *<jl.  li,  p.  1 1, 
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Ie  the  exporiment,  and  liquefied  tho  ice  by  paro  friction ; 
Uits  result  haa  been  regarded  a»  tLe  first  wliich  proved 
inoitatenality  of  heat. 

When  a  hammer  strikes  a  bell,  the  motion  of  the  ham- 
mer is  arrested,  but  its  force  is  not  destroyed ;  it  has 
thrown  the  bell  into  Tibralaona,  which  aflfect  the  auditory 
nenvA  as  somid.     So,  also,  'nhon  our  sledge  hammer  de- 
uended  upon  our  lead  bullet,  the  dcBCCoding  motion  of  the 
sledge  was  arrested  :  but  it  was  not  destroyed.   J(3  motion 
tem  tranffemd  to  the  atotnaofthe  l^ad,  and  onnoimced  it- 
self to  the  proper  nen'es  as  heat.     The  theory,  then,  'which 
r  Bmaford  eo  powerfully  advocated,  and  Tiavy  go  ably  sup- 
*  was,  that  heat  is  a  kind  of  molecular  motion ;  and 
i,  by  fiictioD,  percussion,  or  compression,  tliis  motion 
J  be  generated,  as  weU  as  by  combustion.     This  is  tlio 
f  vbich  must  gradually  develope  itself  during  these 
1,  tmtil  yonr  minda  attain  to  perfect  clearness  re- 
,  ptf^ng  iu    And,  remember,  w©  are  entering  a  jungle,  and 
must  not  expect  to  find  our  way  dear.     We  are  striking 
into  the  brambles  in  a  random  fashion  at  first ;  but  we  shall 
ihnfl  become  acquainted  with  tlio  general  character  of  our 
^^hffc,  and,  with  dne  persistence,  shall,  I  trust,  cut  through 
^^HenUoglemKit  at  last. 

^^f  Id  oar  first  lecture  I  showed  you  the  efiect  of  projecting 
ft  current  of  compressed  air  agiunet  the  face  of  the  thermo- 
electric jwle.  Yon  saw  that  the  instrument  was  chilled  by 
tlio  current  of  air.  Now,  heat  Is  known  to  be  developed 
when  ur  is  compreased ;  and,  since  last  Thursday,  I  have 

*  la  DcttVi  flat  Klentiflo  memoir,  he  calla  bonl  a  rcjiulsiro  molJon. 
■Usb  1M  mjt  ma;  bo  augmeiiUil  in  Tarliiu  wsja,  '  Firnt,  1)7  tho  Unns- 
ttolMkn  oTmocbaDical  Inlo  rejiulKive  motion ;  tiint  i«,  by  rricticn  or  per- 
noakM.  IntUxoMe  Uio  meditmicnl  motion  toat  b;  \hu  muacaof  mM- 
ttfiB  fritUon  is  tho  tcpnlilTe  motion  gtdncd  Ijj  tlidr  corgiiucluti: '  nn 
fBtttmAj  mmt-AaiAB  pawingc.  I  luve  given  Turtlicr  ctii-iH.-t^  froni  llil* 
fifar  la  tbo  Appcmlli  lo  I.ectiirc  in. 
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been  askod  bow  this  heat  was  disposed  of  in  the  case  of  the 
condensed  air.  Pray  listen  to  my  reply.  Supposing  the 
veeitel  wliich  contained  the  compressed  air  to  be  foriued  of 
a  sabatance  perfectly  impen-ious  to  beat,  and  eupjiosing  nil 
the  beat  developed  by  my  arm,  in  compressing  the  air,  to  be 
retained  within  tlie  vessel,  l/tat  quantity  of  beat  would  be 
exactly  competent  to  mido  what  1  had  done  and  to  restore 
the  compressed  sir  to  its  original  volume  and  temperature. 
Bnt  this  vessel  v  (fig.  12),  is  not  impervious  to  heat,  and  it 
was  not  my  object  to  draw  upon  tho  heat  developed  by  D 

Flu.  VL 


arm;  I  therefore,  afler  condensing  the  lur,  allowed  1 
vessel  to  rest,  till  nU  tlio  heat  generated  by  the  condei 
tion  had  been  dissipaUid,  and  the  temperature  of  tl 
within  and  without  the  vessel  was  the  same.    When,  tl 
fore,  the  air  rushed  out,  it  h.ad  not  the  heat  to  draw  u 
which  had  been  developed  during  oompresaion.    The  h 
Irom.  which  it  derived  its  elastic  force  was  only  safiici 
to  keep  it  at  the  temperature  of  the  surrounding  air. 
doing  its  work  a  portion  of  tins  heat,  equtvalLut  to  % 
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Tk  done,  was  consumed,  and  the  isauiiig  sir  was  oonse- 
.li'.Dtljr  cliilltd.  Do  not  bu  disheartened  if  this  reaaoning 
ibould  not  appear  qniU:  cluor  to  you.  We  are  dow  m  com- 
fHsUve  d^-kticsa,  but  as  we  proceed  light  will  gradually 
qipoar,  luid  irradiate  retrospectively  oar  preisent  gloom. 

I  trisb  now  to  make  evident  to  you  that  heat  Is  devel- 
«ftA  by  the  compreflaion  of  air.  Here  is  a  strong  cylinder 
(J  ^asa  T  n  (6g.  13),  accnrately  bored,  and  quite  smooth 
irillua.  Into  it  this  piston  fits  ^-tight,  bo  that,  by  dri\-ing 
the  piston  down,  I  can  forcibly  compress  the  air 
ondenieaUi  it ;  and  when  the  air  is  thus  com-  *"'«■  '*■ 
pTMScd,  heat  is  suddenly  generated.  Let  me  ' 
[jTOve  this,  I  lake  a  morsel  of  cotton  wool,  and 
TPt  it  with  this  volatile  liqnid,  the  bisulphide  of 
cnrbon.  1  throw  this  bit  of  wetted  cotton  into 
'hi.-  glass  syringe,  and  instantly  eject  it.  It  has 
u  behind  it  a  small  residue  of  vapour.  I  com- 
,i!vas  the  air  suddenly,  and  you  see  a  Sash  of  light 
vilfaio  lh«  syringe.  The  heat  developed  by  the 
ipresuon  has  been  sufiicient  to  ignite  the 
It  is  not  necessary  to  eject  the  wetted 
a ;  I  replace  it  in  the  tube,  and  urge  the  pis- 
K  downwards ;  yon  see  the  flash  as  before.  If, 
Ik  tLia  narrow  glass  tube,  I  blow  out  the  fumee 
■tod  by  tlio  combustion  of  the  vapour,  I  can, 
vilfaout  oneo  removing  the  cotton  from  the  ayr- 
inge,  repeat  the  ezporiment  twenty  limes.* 

I  have  hero  arranged  an  experiment  intended 
Vi  giro  you  another  illustration  of  the  thermal 
ifffect  prodaced  in  wr  by  its  own  roechaaioal  ao- 
tim.  Here  is  a  tin  tube,  stopped  at  both  ends,  and  con- 
1  with  this  air-pump.  TTie  tin  tube  is  at  present  full 
1  I  bnng  tho  face  of  my  pile  up  against  the 
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Ciir\-ed  surface  of  the  tube,  TJie  instniment  dedares  t 
the  face  of  the  pilo  in  contact  with  the  tin  tnbe  baa  b 
warmed  by  the  latter.  I  was  quite  prepared  for  this  ri 
haTing  reason  to  know  that  the  air  witiiin  the  tube  t 
filightly  wanner  than  that  witliout.  Now,  what  yon  an 
obnerve  ia  thifl : — My  assistant  shall  work  the  pump ; 
oylindei'H  of  the  maclkine  will  be  emptied  of  air,  and  the  ur 
icitliin  this  tin  tube  will  be  driven  into  the  exhausted  cyl- 
inders by  its  own  elastic  Torce.  I  have  ab^ady  demoih 
Btrated  Uie  chilling  effect  of  a  current  of  oomprcBsed  air  q 
the  lliormo-eloctrio  pile.  In  the  prcBent  experiment  I  f 
not  examine  the  tbcnnal  condition  of  the  current  at  all,  b 
of  the  vessel  in  which  the  work  haa  been  performed. 
this  tube  is  exhausted  I  expect  to  sec  the  needle,  which  ^ 
now  deflected  bo  considerably  in  tlio  direction  of  1: 
descend  to  Rero,  and  pass  quite  up  to  90"  in  the  dlrectii 
of  cold.  JLo  pump  ia  now  in  action,  and  observe  the  r 
suit.  The  needle  falls  as  predicted,  and  its  advance 
direction  of  cold  ia  only  arrested  by  its  concussion  s 
tiio  stops. 

Three  strokes  of  the  pump  suffice  to  chill  tho  tul>e  B 
as  to  Bend  tlie  needle  up  to  00° ;  *  let  it  now  come  to  P 
It  would  require  more  time  than  we  can  aObrd  to  allow  U 
tnbe  to  assume  the  temperature  of  tbo  air  around  it ; 
the  needle  is  now  sensibly  at  rest  at  a  good  distance  d 
the  cold  side  of  eero.  I  will  now  allow  a  quantity  of  I 
to  enter  the  tube,  equal  to  that  wluch  was  removed  fr( 
it  a  moment  ago  by  tlio  Mr-pump.  I  can  turn  on  tlib 
tho  air  will  enter,  and  each  of  its  atoms  will  hit  the  v 
surface  of  tho  tube  like  a  projectile.  The  mechanical  q 
tion  of  the  atom  will  be  thereby  anniliilated,  but  a 

■  The  ^mDomcter  useil  in  this  eiporiment  was  lliat  wtiich  t  ei 
In  my  ori;^iia1  reeeuvhca:  ll  la  an  cifccJingly  dcticato  onu.  Wbcu  il 
Tlucod  III  tbe  le<^nrta  iu  iliil  w»8  iHiimtniitcd  by  tbc  electric  liglil ;  i 

image  uf  ii,  two  feet  in  iliametcr,  wan  pnijeotcd  oa  the  screen. 
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:'  heat  cquivnleiit  to  tbia  luotion  w!ll  l>e  generated.  Thus 
-  the  sir  enters  it  will  derelope  au  amount  of  heat  Bufli- 
i.nt  to  re-wana  the  tabc,  to  undo  the  present  deOection, 
I  to  tead  the  needle  op  on  the  heat  side  of  zero.  Tfio 
r  ig  LOW  entering,  and  you  seo  the  effect:  the  needle 
[^vvcs,  and  goes  quite  up  to  90°  on  that  aide  which  indi- 
atr*  the  heating  the  pile.* 

I  have  now  to  direct  your  attention  to  an  interesting 
tfl«t  connected  with  this  chilling  of  the  air  by  rarefaction. 
1  [dace  over  the  plate  of  the  air  pump  a  large  glass  receiver, 
which  is  now  filled  witli  the  air  of  this  room.  This  air, 
will,  indeed,  all  air,  unlesH  it  be  dried  artificially,  contains 
ijiiantity  of  aqueous  vapour  which,  as  vapour,  is  perfectly 
.  isible-     A  certain  teoipcratnre  is  requisite  to  m^t^n 

■  vapour  in  this  invisible  state,  and  if  the  air  bo  chilled 

■  as  to  bring  it  below  this  temperature,  the  vapour  will 
tanliy  condense,  and  form  a  visible  cloud.  Su^  a  cloud, 

;Jch  you  will  remember  is  not  vapour,  but  liquid  wattr 
,1  (tate  of  fine  division,  will  form  within  this  glass  vessel 
(ttg^  14),  when  llie  air  is  pumped  out  of  it ;  and  to  make 

■  i^  effect  visible  to  everybody  present,  to  those  right  and 
ft  of  mc,  as  well  as  to  those  in  front,  these  six  little  gas 
:«  are  arranged  in  a  semicircle,  which  half  surrounds  iLe 
oidTW.    Eadi  person  present  fieea  one  or  more  of  these 

■  la  (bfa  upmmoiit  n  mcro  line  along  the  eurilice  of  Uie  tube  was  in 
.  ■  uct  wUb  the  Skc  uf  tbe  pilo,  and  the  licat  had  to  propagato  'Melt 
■■  T-n^  IW  lin  cnTdop*  Ut  reaah  Ihe  inBtnimcnt.  Previous  to  ndopiing 
i.iKtnigWDMiilhadtlw  tube  pierced,  anil  a  separate  pile,  with  lis  nuked 

■  -.  tKwd  biwuiU,  ceiDditcd  air^tlglit  into  Uio  orifice.  The  pile  caniD 
•i  aki  dinct  ctinliKt  with  ttie  air,  nnd  ita  entire  dice  tos  eipo»ed  to  tlio 

■  iiiiB.  Ttio  effccti  tliui  abluiJ«d  irera  vcr;  large;  Bofficlent,  indeed,  tci 
■ic:  tie  niMxlle  ijuite  round.     Uy  ileairo  to  ootuplicato  thcsulgcctos  little 

■  ;<Ml>le  Uiduceil  too  to  iibandoo  lliO  ccmenled  pile,  and  to  malic  use 

■  Uio  UMtrvmoat  with  which  my  auiUcnco  luul  alreaJj  heeomc  familinr. 
'^  lUi  th#  atnagvnieiit  actually  adopted  the  cffecla  wore,  moreover,  m 
■^1  that  I  drew  onij  '">  "  portion  of  mj  power  lo  pfwliice  llirm. 
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jets  on  looking  through  the  receiver,  and  when  the  olouJ 
forma,  the  dimiieas  which  it  produces  will  at  once  declat 
its  [iresence.  The  pump  ia  now  quickly  worked ;  a  very  fe^ 
etrokea  suffice  to  precipitate  the  vapour ;  there  it  apre 
throughout  the  entire  rcctiver,  and  many  of  yon  s 


ouring  of  the  cloud,  as  the  light  shines  through  it,  ein 
to  that  observed  sometimes,  on  a  large  scale,  around  t 
moon.  Wlien  I  allow  the  air  to  re-enter  the  vessol,  it  ] 
heated,  exactly  as  in  the  eiperiment  with  our  tin  lata 
tho  cloud  melts  aw.iy,  and  the  perfect  transpnrenoy  of  t 
air  within  the  receiver  is  restored.  Again  I  exhaust  i 
again  the  cloud  forms ;  once  more  the  air  enters  and  i 
cloud  disappears  ;  the  heat  developed  being  more  than  Bnj 
eient  to  preserve  it  in  the  state  of  pure  vapoui.* 

Sir  Humphry  Daiy  refers,  in  his  '  Chemical   Philfli 

ophy,'  to  a  machine  at  Schemnitit,  in  Hungary,  in  wbia 

air  ivaa  compressed  by  a  column  of  water  200  foet  I 

height.    When  a  stopcock  was  opened,  ho  as  to  allow  t 

•  See  Note  (1)  «l  the  end  of  lliiii  I^cturo. 
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to  escape,  a  degree  of  cold  was  prodnced  Tchich  not 
r  precipitated  tbe  atjucoua  vapour  diffused  in  the  air, 
}>frt  caused  it  to  congeal  in  a  ahower  of  snow,  while  the 
■|«  from  whicb  the  air  issued  became  bearded  with  icicles. 
I  Jr.  Darwin,'  writes  Davy,  'haa  ingeniously  explained  the 
[j:oJnction  of  snow  on  the  tops  of  the  highest  mountains, 
by  tlie  precipitation  of  vapour  from  the  rarefied  lur  wliich 
ascenda  from  plains  and  valleys.  The  Andes,  placed  almost 
nnder  the  line,  rise  in  the  nudst  of  boming  sands ;  about 
tiie  middle  height  is  a  pleasant  and  mild  climate ;  the  sum- 
mita  are  covered  with  unchanging  anows.' 

1  would  now  request  your  attention  to  another  experi- 
ment, in  which  heat  will  be  developed  by  what  must  ap- 
[*ar  to  many  of  you  a  very  mysterious  agency,  and,  indeed, 
the  most  instructed  amongst  us  know,  in  reality,  very  little 
about  the  subject.  I  wish  to  devclope  heat  by  what  might 
be  reganled  as  friction  against  pure  qiace.  And  indeed  it 
nay  he,  and  probably  is,  due  to  a  kind  of  friction  agdnst 
Intcr-fiteUar  medium,  to  which  we  shall  have  occasion 
refer  more  fully  by  and  by. 

I  have  here  a  mass  of  iron — part  of  a  link  of  a  huge 
cable — which  is  surrounded  by  those  multiple  coils 
'copper  wire  c  c  (fig.  15),  and  which  I  can  instantly  con- 
ioto  a  powerful  magnet  by  sending  an  electric  current 
the  wire.  You  see,  when  thus  excited,  how  pow- 
«rfnl  it  is.  Tliis  poker  clings  to  it,  and  these  chisels, 
MMws,  and  n^Is  cling  to  the  poker.  Turned  upside  down, 
tbii  rnacnat  will  hold  a  half  hundred  weight  attached  to 
eaoo  of  iu  poles,  and  probably  a  score  of  the  heaviest  peo- 
plo  io  thb  room,  if  suspended  from  the  weights.  At  the 
■t^al  my  ajtsistant  wifl  interrupt  the  electric  cur- 
■'  Break  1 '  The  iron  falls,  and  all  the  magic  disai>- 
tbe  magnet  now  is  mere  common  iron.  At  the 
of  the  magnet  I  place  two  pieces  of  iron  p  v — mov- 
Ale  polos,  as  they  are  called — wliioh,  when  the  magnet  is 
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imexcited,  I  can  bring  within  any  reqaired  distance  of  eaxh 
other.  When  Uie  onrrent  passes,  these  pieces  of  iron  vir- 
Inallj-  form  parU  of  Ihe  magnet.  Between  them  I  will 
place  A  substance  which  tho  magnet,  even  when  exerting 
its  ntmofit  power,  is  incompetent  to  attract.  Tliia  aubstunco 
is  amply  a  piece  of  silver — in  fact,  a  eilver  medal.  I  bring 
it  doee  to  the  excited  magnet ;  no  attraction  ensues.  In- 
deed, what  little  force — and  it  Is  so  little  as  to  be  utterly 
insensible  in  these  eiqicriinents — tlie  magnet  really  exerta 
upon  the  gilvtr.  is  repulsive  instead  of  attractive. 

Well,  I  suspend  this  medal  between  the  poles  p  p  of 
the  magnet,  and  excite  tho  latter.  The  medal  hangs  there ; 
it  is  ni'itfaer  attracted  nor  repelled,  but  If  I  seek  to  move  it 
I  encounter  resistance.  To  torn  the  modal  round  I  must 
_  orcroome  this  reBiHt-ince ;  the  silver  moves  as  if  it  were 
roonded  by  a  viscous  fluid,  Tliis  curious'  effect  may  also 
t  rendered  manifest,  thus :  I  have  here  a  rectangtdar  plate 
ITet^per,  and  if  I  cause  it  to  pass  quickly  to  and  fro  like 
»v  between  the  poles,  when  their  points  are  turned 
rards  it,  I  seem,  though  I  can  see  nothing,  to  be  saning 
High  a  mass  of  cheese  or  butter.*  Kotlung  of  this  kind 
totieed  when  the  magnet  is  not  active  :  the  copper  saw 
n  cncountLTB  nothing  but  the  infinitesimal  resistance  of 
"bus  far  you  have  been  compelled  to  take  my 
icnta  for  granted,  but  I  have  arranged  an  experiment 
which  will  make  this  strange  action  of  the  magnet  on  tho 
tihrer  medal,  strikingly  manifest  to  everybody  present. 

Above  the  suspended  medal,  and  attached  to  it  by  a  bit 
of  wire,  I  have  a  little  reflecting  pyramid  M,  formed  of  four 
trbngnlar  pieces  of  looking-glass  ;  both  the  medal  and  tho 
rrllortor  are  siisponded  by  a  tfiread  which  was  twisted  in 
i  '  mmnfactnre,  and  which  will  nntwist  itself  when  tlio 
i^tgbt  it  Miatains  ia  act  free.    I  place  our  cleelrio  lamp  bo 

•  An  Mpi'iimint  of  Furaiinj'ii. 
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as  to  cast  a  strong  beam  of  light  on  this  llttlo  pyramidi 
foa  eeo  these  long  spokes  of  light  passing  through 
dusty  air  of  the  room  as  the  mirror  turns. 

Let  us  start  it  from  a  state  of  rest.     You  now  soc  the 
beam  {>as^g  through  the  room  and  striking  against  tJie 
white  wall.    As  the  mirror  commencca  to  rotate,  the  patch 
of  light  moves,  at  first  slowly,  over  the  wall  and  ceiling. 
But  the  motion  quickens,  and  now  you  caa  no  longer  seo 
tlie  distinct  patches  of  light,  but  instead  of  them  you  have 
this  eplendid  luminous  baud  fiilly  twenty  feet  in  di&mel 
drawn  upon  the  wall  by  the  quick  rotation  of  tlie  reflect 
beams.    At  the  word  of  command  the  magnet 
cited,   and  the  motion  of  the  medal   will    be  instantly 
stopped.     *  Make ! '      See  the  efiect :    the  medal  scema 
struck  dead  by  the  excitement  of  the  magnet,  the  band 
suddenly  disappears,  and  there  you  have  the  singlo  patch 
of  %ht  upon  the  wall.    This  elrange  mechanical  eSeot  ifl 
produced  without  any  visible  change  in  tlie  space  between 
the  two  poles.    Obsene  the  slight  motion  of  the  imago 
the  wall :  the  tension  of  the  string  ia  struggling  with 
tmseen  antagonist  and  producing  that  slight  motion.    It 
Ruch  as  would  be  produced  if  the  medal,  instead  of  bei 
eiuToimded  by  air,  were  immersed  in  a  pot  of  tliick  ti 
clo.    I  destroy  the  magnetic  power,  and  the  viscous  ch; 
tcr  of  the  space  between  the  poles  instantly  disappears ; 
medal  begins  to  twirl  as  before  ;  there  are  the  revolt 
beams,  and  there  is  now  the  luminous  band.    I  again 
cite  the  magnet :  the  beams  are  struck  motionless,  and 
band  disapj^ars. 

By  the  force  of  my  hand  I  can  overcome  this  rosisl 
and  turn  the  modal  roimd ;  but  to  turA  it  I  must  e: 
force.    Where  does  tliat  force  go  ?    It  is  couvortod  in) 
heat.    The  medal,  if  forcibly  compelled  to  turn,  will  be- 
come heat«d.    Many  of  you  are  acqn^ted  with  the  grand 
discovery  of  Faraday,  that  electric  currents  are  dcvelo] 
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where  ft  conductor  of  electricity  is  set  in  motion  Ijetwoen 
th«  poles  of  a  magnet.  We  have  these  cnirents  doubtiesB 
'  here,  and  they  are  competent  to  heat  the  medal.  But  what 
are  these  onrrenta  ?  how  are  they  related  to  the  space  be- 
tween the  magnetic  poles — how  to  the  force  of  my  arm 
vhicJi  is  expended  in  their  generation  ?  Wo  do  not  yet 
know,  but  we  shall  know  by  and  by.  It  does  not  in  the 
least  lessen  the  interest  of  the  experiment  if  the  force  of 
my  ann,  previous  to  appearing  as  beat,  appears  in  another 
form — in  the  form  of  electricity.  The  ultimate  result  la 
the  aamo :  the  beat  developed  ultimately  ia  the  exact  eqniv- 
^nt  of  the  nuantity  of  strength  required  to  move  the 
medal  in  the  excited  magnetio  field. 

I  wish  DOW  to  ehow  yon  the  developement  of  he.it  by 
(liis  action.  I  have  here  a  solid  metal  cyUnder,  the  core 
ftf  whloh  i^  howovor,  composed  of  a  metal  more  easily 
melted  than  its  outer  case.  The  outer  case  is  copper,  and 
diia  te  ftlled  by  n  hard  but  fusible  alloy.  I  set  this  cylinder 
npri^t  between  the  conical  poles  v  p  (fig.  10)  of  the  mag- 


A  firing  s  B  paBses  from  the  cylinder  to  a  whirling 

i,  and  by  turning  the  latter  the  cylinder  is  caused  to 

ifnti  ronnd.     It  might  turn  till  doomsday,  aa  long  as  the 

majtntit  remains  unexcitcd,  without  prodiicing  the  effect 

Mgfat ;  but  when  the  magnet  ia  in  action,  I  hope  to  bo 

')  to  do%-e]ope  an  amount  of  heat  safiicient  to  melt  the 

r  of  that  cylinder,  and,  if  successful,  I  will  pour  the 

1  tnrtnl  out  before  you.    Two  minutes  will  suffice  for 

I  cspcricabut.    Tlio  cylinder  is  now  rotating,  atid  its 
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upper  end  is  open.  I  shall  leave  it  thus  open  until 
li([iiid  metal  is  seen  Bpaltering  over  the  poles  of  the 
net.  I  already  see  the  metallic  spray,  though  a  minute 
scarcely  elapsed  smce  the  commeD cement  of  lli 
ment.  I  now  8top  the  motion  for  a  moment,  and  cork 
tho  end  of  the  cylinder,  so  aa  to  prevent  the  scattei 
about  of  the  metal.  I^et  the  nctiou  continue  for  half 
ute  longer ;  the  entire  mass  of  the  core  is,  I  am  pcrsuadt 
now  melted.  I  withdraw  the  cylinder,  remove  the 
and  here  is  the  liqueScd  mass,  which  I  thus  pour  out  befo 
you.* 

It  is  now  time  to  consider  more  closely  than  we  bai 
hitherto  done,  the  relation  of  tho  heat  developed  hy  me- 
chanical action  to  the  force  which  produces  it.  Doubtless 
this  relation  floated  in  many  minds  before  it  received  either 
distinct  enunciation  or  experimental  proof.  Those  wl 
reflect  on  vital  processes — on  ifie  changes  which  ocour 
the  animal  body — and  the  relation  of  the  forces  involved 
food,  to  muscular  force,  are  led  naturally  to  entertain 
idea  of  interdependence  between  these  forces.  It  is,  there- 
fore, not  ft  matter  of  suiprise  that  the  man  who  first  raised 
the  idea  of  the  equivalence  between  heat  and  mecl 
energy  to  philosophic  clearness  in  Ms  own  mind,  was 
physician.  Dr.  Mayer,  of  Uellhronn,  in  Geimany, 
at^df  theexact  relation  which  subsists  between  heat 
work,  giving  tlio  number  which  is  now  known  as  the  ' 
chanical  ecjiiivalent  of  heat,'  and  following  up  tho  si 
mont  of  the  principle  by  ita  fearless  application-J    It 

•  Tho  dcvclopement  of  heat  by  coustoft  a  conituclor  to  rovolra  bctn 
Uie  pdra  of  a  magiict  wis  flrsl  olTccted  by  Mr.  JouJe  (Pliil.  lltg.  vol  x 
Sril  Senna,  jev  1813,  pp.  UaS  and  4^9),  and  hia  ciperiiDbiit  \na  n 
iTorda  rcviTod  in  a  itriking  form  hj  SI.  Foucaalt.  TUp  artiflw  a 
Jcwrilii'J,  of  (uing  the  ooro  out  of  the  cylinder,  rendcra  tbc  ciporii 
very  cffcctiTO  in  Iha  loctore-room. 

f  Tn  1842.    Sec  Note  (!)  nt  iliu  vud  of  tliii  Lvcturo. 

}  Sva  Ucturw  Til.  uid  \ll[. 


oer 


MAYER  AND  JOULE.  53 

however,  to  Mr.  Joule,  of  Manchester,  that  wo  are  almost 
wholly  indebted  for  tie  eacperimentid  treatment  of  this  im- 
portant subject.  Entirely  independent  of  Mayer,  with  his 
mind  firmly  fixed  upon  a  principle,  and  midismayed  by  the 
coolness  with  whidi  his  first  labours  appear  to  have  been 
received,  he  persisted  for  years  in  his  attempts  to  prove 
the  invariability  of  the  relation  which  subsists  between 
heat  and  ordinary  mechanical  force.  He  placed  water  in  a 
suitable  vessel,  and  agitated  that  water  by  paddles,  driven 
by  measurable  forces,  and  determined  both  the  amount  of 
heat,  developed  by  the  stirring  of  the  liquid,  and  the 
amount  of  labour  expended  in  the  process.  He  did  the 
same  with  mercury  and  with  sperm  oil.  He  also  caused 
disks  of  cast  iron  to  rub  against  each  other,  and  measured 
the  heat  produced  by  their  friction,  and  the  force  expended 
in  overcoming  it.  He  also  urged  water  through  capillary 
tubes,  and  determined  the  amount  of  heat  generated  by  the 
friction  of  the  liquid  against  the  sides  of  the  tubes.  And 
Uie  results  of  his  experiments  leave  no  shadow  of  doubt 
upon  the  mind  that,  under  all  circumstances,  the  quantity 
of  heat  generated  by  the  same  amount  of  force  is  fixed  and 
invariable.  A  given  amount  of  force,  in  causing  the  iron 
disks  to  rotate  against  each  other,  produced  precisely  the 
same  amount  of  heat,  as  when  it  was  applied  to  agitate 
water,  mercury,  or  sperm  oil.  Of  course,  at  the  end  of  an 
experiment,  the  temperatures  in  the  respective  cases  would 
be  very  different ;  that  of  the  water,  for  example,  would 
be  Jyth  of  the  temperature  of  the  mercury,  because,  as  we 
already  know,  the  capacity  of  water  for  heat  is  30  times 
that  of  mercury.  Mr.  Joule  took  this  into  account  in  re- 
dadng  his  experimentB,  and  found,  as  I  have  stated,  that, 
however  the  temperatures  might  difier,  in  consequence  of 
the  difierent  capacity  of  heat  for  the  substances  employed, 
the  absolute  amourU  of  heat  generated  by  the  same  expend- 
iture of  power,  was  in  all  cases  the  same. 
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In  this  way  it  was  found  that  the  quantity  of  bea 
which  would  raise  one  pound  of  walcr  one  degree  Fahr.  i 
temperature,  ia  exactly  equal  to  what  would  be  generatei" 
if  a  pound  weight,  atler  having  fallen  through  a  height  of 
772  feet,  haa  its  moving  force  destroyed  by  colUBJon  with 
the  earth.  Conversely,  the  amount  of  heal  necessary  to 
raiso  a  ponnd  of  water  one  degree  in  temperatnre,  would 
if  all  applied  mechanically,  be  competent  to  raise  a  ponnd 
weight  772  feet  high,  or  it  would  raise  772  lbs.  one  foot 
high.  The  term  '  foot-pound '  lias  been  introduced  to  ex- 
press, in  ft  convenient  way,  the  lifting  of  one  pound  to  the 
height  of  a  foot.  Thus  the  quantity  of  boat  necessary  to 
raise  the  temperature  of  a  ponnd  of  water  one  degree  b 
taken  as  a  standard,  772  foot-pounds  constitute  what  I 
called  the  mechanical  equivalent  of  heat.* 

In  order  to  imprint  upon  your  minds  the  thermal  effect"] 
produced  by  a  body  falling  from  a,  hdght,  I  will  go  through 
the  ex])erimeDt  of  allowing  a  lead  ball  to  fall  from  our 
ceiling  upon  this  floor.  The  lead  ball  is  at  the  present  mo- 
ment slightly  colder  than  the  air  of  thin  room.  I  prove 
this  by  bringing  it  in  contact  with  the  thermo-electric  pilo, 
and  showing  you  thai  the  deflection  of  the  needle  indicates 
cold.  Here  on  the  floor  I  have  placed  a  elftb  of  iron,  on 
which  I  intend  the  lead  to  fall,  and  which,  you  observe,  is 
also  cooler  than  the  air  of  the  room.  At  the  top  of  the 
house  I  have  an  assistant,  who  will  heave  up  the  boll  ailer 
I  havo  attached  it  to  this  string.  Ho  will  not  touch  the 
ball,  nor  will  he  allow  it  to  tooch  anything  else.  He  will 
now  let  it  go  ;  it  falls,  and  ia  received  upon  the  plate  of 
iron.  Tlie  height  ia  too  small  to  get  much  heat  by  a  single 
fall ;  I  will  therefore  have  the  ball  drawn  up  and  dropped 
three  or  four  times  in  succession.  Observe,  there  is  a 
length  of  covered  wire  attached  to  the  ball,  by  wliich  I  lift 
it,  BO  that  my  hand  never  comes  near  the  ball.  There  ia  , 
the  fourth  collision,  and  I  think  I  may  now  e 
*  Sue  Nvtu  (3)  at  the  end  oT  this  Loclure. 


II.    There  mm 
examine  tl^^l 
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temperature  of  tlie  lead.  I  place  (he  ball,  which  at  the 
commen cement  was  cold,  agaiu  iipon  the  p3e,  and  the  im- 
mediate deflcctioa  of  the  aecdlc  in  the  oppodle  direction, 
declares  that  now  the  ball  is  healed  ;  this  heat  is  due  eu- 
lirely  U>  the  destruction  of  the  moving  energy  which  the 
ball  possessed  when  it  struck  tbi^  plate  of  iron.  According 
to  our  theory,  the  common  mccluinical  motion  of  the  ball 
u  a  masft,  has  been  transferred  to  the  atoms  of  the  mass, 
prododng  among  them  the  agitation  which  we  call  heat. 

What  was  the  total  amount,  of  heat  thus  generated  ? 
lite  «paoe  fallen  throagh  by  the  ball  in  each  CKperiment  is 
twenty-six  feet.  The  heat  generated  is  proportional  to  the 
height  through  which  the  body  falls.  Now  a  ball  of  lead, 
io  falling  through  772  feet,  would  generate  heat  sniBcient 
tonuse  its  own  temperature  30",  its  '  capacity '  being  j'sth 
ofUut  of  water:  hence,  in  falling  through  20  feet,  which  is 
in  round  nombers  ^V  of  "2,  the  heat  generated  would,  if 
lU  concentrated  in  the  lead,  nusc  its  temperature  one  de- 
gree. Tlus  is  the  amoimt  of  heat  generated  by  a  single 
descent  of  the  ball,  and  four  times  this  amount  would,  of 
coarse,  be  generated  by  four  descents.  The  heat  generated 
is  not,  however,  all  concentrated  in  the  ball ;  it  is  divided 
between  the  ball  and  the  iron  on.  which  it  falls. 

It  is  needless  to  say,  that  if  motion  be  imparted  to  a 
body  by  other  means  than  gra\-ity,  the  destruction  of  this 
motioD  also  produces  heat.  A  rifle  buUet,  when  il  strikes 
a  target,  is  intensely  heated.  The  mechanical  oqaivalent 
of  heat  enables  us  to  calculate  with  the  nUnoBt  accuracy 
ttie  amount  of  heat  generated  by  the  bullet,  when  its  ve- 
locity is  known.  This  ia  a  point  worthy  of  our  attention, 
and  in  dealing  with  it  I  will  address  myself  to  those  of  my 
lodience  who  arc  unacqumnted  even  with  the  elements  of 
mechanics.  Ever)body  knows  that  the  greater  the  height 
b  from  which  a  body  falls,  the  greater  is  the  force  with 
'  lAich  it  strikes  the  earth,  and  that  this  is  entirely  due  to 
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tlie  greater  velocity  imparted  to  the  ball,  in  falling  from  tJ 
greater  heigbt.  The  velocity  imijari^;d  to  the  body  ia  no 
however,  proportional  to  the  htnglit  from  which  it  fiill 
If  tliB  height  be  uugraentcd  fouv-fold,  the  \flodty  ia  ftUj 
niented  uiily  two-fold ;  if  the  height  be  augmented  ntq 
fold,  the  velocity  is  augmented  only  three-fold  j 
height  be  augmented  sixteen-fold,  the  velocity  is  augments 
only  four-fold ;  or,  expressed  generally,  the  height  aoj 
ments  in  tho  same  proportion  as  the  scjuaro  of  the  velonlj 

But  the  heat  generated  by  the  coUi^on  of  the  faUiu 
body  increases  eimply  es  tho  height;  oousequontly,  tJ 
heat  generated  increaees  as  the  sqiuxrc  <^thc  velocity. 

If,  therefore,  we  double  the  velocity  of  a  projectile,  i 
augment  the  heat  generated,  when  its  moving  force  ia  d 
Btroyed,  four-fold ;  if  wo  treble  its  velocity,  we  augment  tJ 
heat  nine-fold ;  if  we  quadruple  the  velocity,  we  angmen 
the  heat  sixtecn-fold  ;  and  bo  on. 

The  velocity  imparted  to  a  body  by  gravity  in 
through  772  feet  i^,  in  round  numbers,  223  feet  a  aeoout 
that  hi  to  Bay,  imineiliately  before  tlie  body  etrikee  I 
earth,  tliia  is  its  velocity.  Six  timcB  tlda  i|uantily  or  1,33 
feet  a  eecond,  would  not  bo  an  inordinate  voUtdty  for 
rifle  bullet. 

But  a  riflo  bullet,  if  formed  of  lea-l,  moving  at  a  T 
locity  of  223  feet  a  scoond,  would  generate,  on  striking 
target  an  amount  of  heat  which,  if  concentrated  in  tho  hu 
let,  would  raise  its  temperature  30°  ;  with  fi  tunca  Uua  V 
locity  it  will  generate  30  times  this  amount  of  heat;  hem 
38  times  30,  or  1,080°,  would  repi-esent  the  augmeotatia 
of  temperature  of  a  riflo  ball  on  striking  a  target  with; 
velocity  of  1,339  feet  a  second,  if  all  the  heal  generat* 
were  confined  to  tho  bullet  itself.  This  amount  of  hei 
would  be  far  more  than  sulScient  to  fuse  the  lead  ;  but  i 
reality  a  portion  only  of  the  heat  generated  ia  lodged  in  tl 
ball,  the  total  amount  being  divided  between  it  and  t] 
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target  Were  the  ball  iron  instead  of  lead,  the  heat  gen- 
erated, under  the  conditions  supposed,  wonld  be  competent 
to  ndse  the  temperature  of  the  ball  only  by  about  ^rd  of 
1,080^,  because  the  capacity  of  iron  for  heat  is  about  three 
times  that  of  lead. 

From  these  considerations  I  think  it  is  manifest  that  if 
we  know  the  yelocity  and  weight  of  any  projectile,  we  can 
calculate,  with  ease,  the  amount  of  heat  developed  by  the 
destmction  of  its  moving  force.  For  example,  knowing, 
as  we  do,  the  weight  of  the  earth,  and  the  velocity  witii 
which  it  moves  through  space,  a  simple  calculation  would 
enable  us  to  determine  the  exact  amount  of  heat  which 
would  be  developed,  supposing  the  earth  to  be  stopped  in 
her  orbit.  We  could  tell,  for  example,  the  number  of  de- 
grees which  this  amount  of  heat  would  impart  to  a  globe 
of  water  equal  to  the  earth  in  size.  Mayer  and  Helmholtz 
have  made  this  calculation,  and  foimd  that  the  quantity  of 
heat  generated  by  this  colossal  shock  would  be  quite  suffi- 
cient, not  only  to  fuse  the  entire  earth,  but  to  reduce  it,  in 
great  part,  to  vapour.  Thus,  by  the  simple  stoppage  of 
the  earth  in  its  orbit  *  the  elements '  might  be  caused  '  to 
melt  with  fervent  heat.'  The  amount  of  heat  thus  devel- 
oped would  be  equal  to  that  derived  from  the  combustion 
of  fourteen  globes  of  coal,  each  equal  to  the  earth  in  mag- 
nitude. And  if,  after  the  stoppage  of  its  motion,  the  earth 
should  fan  into  the  sun,  as  it  assuredly  would,  the  amount 
of  heat  generated  by  the  blow  would  be  equal  to  that  de- 
veloped by  the  combustion  of  5,600  worlds  of  solid  carbon. 

Knowledge,  such  as  that  which  you  now  possess,  has 
caused  philosophers,  in  speculating  on  the  mode  in  which 
the  Bun  is  nourished,  and  his  supply  of  light  and  heat  kept 
np,  to  suppose  the  heat  and  light  to  be  caused  by  the 
showering  down  of  meteoric  matter  upon  the  sun's  sur- 
face.*   Some  philosophers  suppose  the  Zodiacal  Light  to 

•  Mayer  propoandcd  this  hypothcafl  in  1848,  and  worked  it  fully  out, 
8* 


be  a  cload  of  meteoritoe,  and  from  it,  it  ia  imagined,  the 
showering  meteoric  matter  may  bo  derived.  Now,  what- 
ever be  the  value  of  this  Bpeculation,  it  is  to  bo  borne  in 
mind  that  the  ponring  down  of  meteoric  matter,  in  the 
way  indicated,  would  be  competent  to  product)  the  li^l 
and  beat  of  the  e\m.  With  regard  to  the  probable  truth  or 
fallacy  of  the  theory,  it  ia  not  necessary  that  I  should  offer 
an  opinion  ;  I  woidd  only  aay  that  the  theory  deals  with  a 
cause  which,  if  in  sufficient  operation,  would  be  competent 
U>  produce  the  effects  ascribed  ta  it. 

Let  me  now  pass  from  the  sun  to  something  less, — in 
fact,  to  the  opposite  pole  of  nature.  And  here  that  divine 
power  of  the  human  intellect  which  annihilates  mere  nm^ 
nitnde  in  its  dealings  with  late,  comes  conspicuously  into 
play.  Oar  rcusooing  applies  not  only  to  suus  and  planets, 
bat  eqaally  so  to  the  very  ultimate  atoms  of  which  matter 
is  composed.  Moat  of  you  know  the  scientific  history  of 
the  diamond,  tliat  Newton,  antedating  intellcctnaUjr  UiiO. 
discoveries  of  modem  chemistry,  pronounce<l  it  to  be  an 
nnctaous  or  combustible  substance.  Everybody  now 
knows  that  this  brilliant  gem  is  composed  of  the  same 
substance  as  common  charcoal,  grapliite,  or  plumbago.  A 
diamond  is  pure  carbon,  and  carbon  bums  in  oxygen.  I 
have  here  a  diamond,  held  fast  in  a  loop  of  platinum  wiro ; 
I  will  heat  the  gem  to  redness  in  tliis  flame,  and  thoB 
plunge  it  iulo  this  jar,  wliich  contains  osygon  gas.  See 
how  it  brightens  on  entering  the  jar  of  oij'geti,  and  now  it 
glows,  like  a  little  terrestrial  star,  with  a  pure  white  Ugbt. 
How  are  we  to  figure  the  action  licre  going  on  ?  ExaMly 
as  you  woiJd  present  to  your  minds  the  ooiicejition  of  me- 
teoritOB  showering  down  ujioii  the  eun.    The  couoeptiona 

It  WBB  Bltenratda  enunci«t«J  indppemlcnlly  by  Mr.  Watcmton,  iod  dovrf- 
oped  Ii;  Professor  Willkm  Tbomaoa  (Tranaactioiia  oT  tho  Rojal  Soc  ol 
EiUob.,  isaa).    See  Lfcturo  SII. 
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are,  in  qaalitf*  tlio  same,  and  to  tho  intellect  tbo  one  is 
not  more  diflicnll  than  the  other.  You  are  to  figure  tlio 
fttoma  of  oxygen  showering  againat  this  diamond  on  all 
•ides.  They  are  urged  towards  it  by  what  ia  called  chemi- 
nl  affinity,  bat  this  force,  made  clear,  prceents  itself  to  tlie 
mind  as  pure  attraction,  of  tlie  eame  mecbanical  quality,  if 
I  may  use  tbe  term,  aa  gravity.  Every  oxygen  atom,  as  it 
Etrikes  tbe  surface,  and  has  its  motion  of  translation  de- 
stroyed by  its  collision  with  tbo  carbon,  assumes  the  motion 
which  wo  call  beat :  and  tliis  heat  in  so  intense,  the  attrac- 
lioDS  exerted  at  these  molecular  dislances  are  bo  mighty, 
that  tbo  crystal  is  kept  white-hot,  and  the  compound, 
formed  "by  the  onion  of  its  atoms  with  those  of  tJie  oxy- 
gen, dies  away  as  carbonic  acid  gas. 

Lot  OS  now  pass  on  from  tho  diamond  to  ordinary 
flame.    I  have  here  a  burner  from  which  I  can  obtain  an 
ignited  jet  of  gas.    Here  is  the  flame :  what  is  its  constitu- 
tion ?     Within  the  flame  wo  have  a  core  of  pure  unbumt 
gas,  and  ontsidc  the  flame  we  have  the  oxygen  of  the  air. 
The  external  surface  of  the  core  of  gas  is  in  contact  with 
tho  air,  and  here  it  is  that  the  atoms  clash  together  and 
produce  light  and  heat  by  their  collision.     But  tbe  exact 
^H  wnsljtution  of  the  flame  is  worthy  of  our  spodal  attention, 
^Knd  for  our  knowledge  of  this  wc  are  indebted  to  one  of 
^^BDavy's  most  beautiful  investigations.     Coal-gas  is  what  we 
^Hoall  a  hydro-carbon  ;  it  consists  of  carbon  and  hydrogen  in 
^Bfc  state  of  chemical  union.     From  this  transparent  gas  cs- 
^Beipc  the  soot  and  lampblack  which  wo  notice  when  tho 
^"Oombttstion  of  tho  gas  is  incomplete.    Soot  and  lampblack 
are  there  now,  but  they  are  compounded  with  other  bu1> 
staoces  to  a  transparent  form.     Here,  then,  wo  have  a  sur- 
face of  this  compoimd  gaa,  in  presence  of  the  oxygen  of 
onr  air;  we  apply  heat,  and  the  attractions  arc  instantly 
ao  intensified  that  the  gas  barsta  into  flame.     Tbe  oxygen 
baa  a  choice  of  two  partners^  or,  if  yon  like,  it  is  in  the 
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prcscnco  of  two  foes ;  it  cloecB  with  that  which  it  liki 
beat,  or  hates  moat  heartily,  as  the  case  may  be.  It  fip 
closes  willi  the  hydrogen,  and  sets  the  carbon  free.  Soli 
particles  of  carbon  thus  scattered  in  numbers  iuuiimeiubl 
iu  the  midst  of  burning  matter,  arc  raised  to  a  slate  of  ii 
tense  incandescence ;  they  become  wiiitc-hot,  and  mainly  t 
t  item  the  ligfu  of  our  lamps  is  due.  Tlic  carboD,  howei 
in  due  time,  closes  with  the  oxygen,  and  becomes,  or  ouj_ 
to  become,  carbonic  add ;  but  in  passing  from  the  hydi 
gen  with  which  il  was  first  combined,  to  the  osygon,  wit 
which  it  enters  into  final  umi 
it  exists,  for  a  time,  in  the  8 
gle  state,  and,  as  a  bachelor, ; 
gives  us  alt  the  eplendour  of  it 
light. 

The  combustion  of  a  caod] 
is  in  principle  the  same  a 
of  a  jet  of  gas.    Here  yon  ha» 
a  rod  of  was  or  tallow  (fig,  1 
through   which  in  passed 
I  coitou  wick.     You  ignite  th 
I  wick;   it  bums,  melts  the  ts 
I  low  at  its  base,  the  liquid  s 
ccnds  through  the  wick  by  cap 
illary  Attraction,  il  is  converted  by  the  heat  into  vapdui 
and  this  vapour  is  a  hydro-carbon,  wbicli  bmus  exactly  lih 
the  gas.     Here  also  you  liave  uuhumt  vapour  within,  coin 
mon  air  without,  while   between  both  is  a  shell  whic 
forms  the  battle-ground  of  the  clashing  atoms,  where  thc! 
devclope  their  light  and  heat.     There  is  hardly  anything  t 
nature  more  beautiful  than  a  burning  candle ;  the  hoUo' 
basin  partially  filled  with  melted  matter  at  the  base  of  tU 
wiek,  the  creeping  up  of  the  liquid  ;  its  vaporisation  ; 
structure  of  the  Dame ;  its  shape,  tapering  to  a  point,  whil 
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ttily,  \ta  brightness,  its  mobility,  liave  made  il  a  favour- 
tv\u}  of  spiritual  esscnce^-and  its  diesectiou  by  Davy, 
from  diminisliisg  llie  pleasure  with  which  we  look 
qpon  B  flame,  has  readercd  it  more  liian  ever  a  miracle  of 
beauty  to  the  enlightened  mind. 

You  ought  DOW  to  bo  able  to  picture  clearly  before 

Ir  tuinda  tlie  Htrnctnre  of  a  candle-flame.  Toa  ought  to 
the  imbamt  core  within  and  tlio  burning  shell  which 
dopes  tluB  core.  From  the  core,  through  this  shcU, 
coDstitueata  of  the  candle  are  incesHanlly  passing  aiid 
iping  to  the  sturoonding  air.  In  the  cnuc  of  a  candle 
.  hsKva  a  hollow  cone  of  hmTiiag  matter.  ImagtUL-  this 
I'  cut  across  horizontally;  you  would  then  expose  a 
baraing  ring.  I  will  practically  cut  the  flame  of  a  candle 
tliUB  across.  1  have  here  a  piece  of  white  paper,  which  I 
will  bring  down  upon  the  candle ;  pressing  it  down  u[X)ii 
Uu;  flame  until  it  almoat  touches  the  wick.  Obacrre  the 
upper  Burfitoe  of  that  paper;  it  becomes  charred,  but  how? 

riy  in  corresjiondencc  with  the  hnniing  ring  of  the 
),  we  bare  a  charred  ring  npon  the  paper  (fig.  18). 


I  might  operate  in  the  aamo  manner  with  a  jet  of  gaa.    I 

win  do  aa.    Here  is  the  ring  which  it  produces.    Within 

I  ring,  yon  see,  there  is  no  charring  of  the  paper,  for  at 

t  ptaoo  tlic  unhunit  vapour  of  the  candle,  or  the  tmbumt 

■  of  the  jet,  impinges  agikinst  the  surface,  and  no  charring 

B  produced. 

>  tho  existence,  then,  of  solid  carbon  particles  the 

t  of  OUT  lamps  is  mainly  dne.     But  the  existence  of 

I,  in  the  single  state,  implies  the  absence  of 
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to  seize  bold  of  thom.    If,  at  the  moment  of 

liberation  from  tfie  hydrogen  with  wliieli  t 

combined,  oxygen  were  present  to  BCizc  apon  them,  tfa^ 

state  of  baobelorliood  would  be  cztingnishcd,  and  we  Bhoul 

no  longer  have  their  light.   Thus,  when  we  mix  a  sofficdei 

quantity  of  air  with  the  gas  isaoing  from  a  jet,  when  n 

mix  it  so  that  tbe  oxygen  penetrates  to  the  very  heart  o 

the  jet,  we  find  tlie  light  destroyed.    Here  is  a  bmner,  ii 

vented  by  Prof.  Bunscn,  for  the  express  purpose  of  d^troj 

ing  the  light  by  causing  the  quick  combustion  of  the  o 

bon  particles.    The  bomcr  from  which  the  gas  escapes  i 

introduced  into  a  tube ;  this  tube  is  perforated  nearly  on 

level  with  the  gas  oriiice,  and  through  these  perforatiot 

the  air  enters,  mingles  with  tlio  gas,  and  tbe  mixture  ifinu 

from  the  top  of  the  tube.     Fig.  19  repra 

^'  senta  a  form  of  this  burner ;  the  gas  is  dit 

^^^   lb  cliargcd  into  tbe  perforated  chamber  a 

^^i      I  where  air  mingles  with  it,  and  both  sscem 

I  the  tube  a  b  together :  tf  is  a  roso-bumei 

I  which  may  be  used  to  vary  the  sh^po  oi 

1  the  flame.     I  ignite  the  mixture,  but  thi 

JM**        fiame  produces  hardly  any  light.    Ileat  ii 

^^m^P   tbe  thing  here  aimed  at,  and  this  lightlcs 

flame  is  tnuch  hotter  than   the  ordinal] 

flame,  beoanse  the  combustion  is  much  quicker,  and  there 

fore  more  intense.*  If  I  stop  the  orifices  in  a  I  cut  off  tb 

supply  of  air,  and  the  flame  at  onoe  'beoomes  luminous 

we  have  now  the  ordinary  case  of  a  core  of  nnbnmt  g 

surrounded  by  a  burning  shell.   The  illuminating  power  ol 

a  gas  may,  in  fact,  be  estimated  by  t)io  qnantity  of  tii 

necessary  to  prevent  tJie  precipitation  of  the  solid  carbol 

particles ;  the  richer  the  gas,  the  more  mr  will  be  reqiUrei 

to  produce  this  effect. 

An  interesting  obsenalion  may  be  made  on  almoBC  a 
windy  Saturday  evening  in  the  stroots  of  London,  on  t 

■  Not  liotl«r,  Dor  nonrl;  bo  liot,  la  i  bndj  ciposcd  to  ita  radiBtioa 
but  T017  much  hotter  to  a  body  pltuiffed  in  IheJIame. 
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Bndden,  and  almost  total  citmction  of  tbe  light  of  the  liiige 
gas  jele,  exposed  chiefly  in  butchers'  shops.  When  the 
wind  blows,  the  oijgen  is  carried  mechanically  to  the  very 
heart  of  the  flame,  and  the  white  light  instantly  vaniEhes 
to  a  pale  and  ghastly  bine.  During  fesUvo  iUuminationa 
the  same  effect  may  be  observed ;  the  absence  of  the  light 
being  duo,  as  in  the  case  of  Bunsen's  burner,  to  the  prcs- 
of  a  sufficient  amount  of  oxygen  to  consume,  instant- 
ly, the  carbon  of  the  flame. 

To  dotermine  the  influence  of  height  upon  the  rate  of 
combustion,  was  one  of  the  problems  which  I  had  set  be- 
fore me,  in  my  journey  to  the  Alps  in  1650.     Fortimalely 
for  science,  I  invited  Dr.  Frankland  to  accompany  me  on 
the  occasion,  and  to  undertake  the  experiments  on  combus- 
tion, while  I  proposed  devoting  myself  to  observations  on 
radiation.    The  plan  pursued  was  this:  six  candles 
ire  purchased  at  Chamooni  and  carefully  weighed ;  they 
ire  then,  allowed  to  bum  for  an  hour  in  the  Hotel  de 
'nion,  and  the  loss  of  weight  was  determined.    The  same 
idtea  -were  taken  to  the  summit  of  Mont  Blanc,  and  on 
morning  of  Aug.  21,  were  allowed  to  bum  for  an  hour 
a  tent,  which  perfectly  sheltered  them  irom  the  action 
'pf  the  wind.     The  aspect  of  the  six  flames  at  the  summit 
tnrprised  us  both.     They  seemed  the  mere  ghosts  of  the 
nea  which  the  same  candles  were  comjietent  to  produce 
the  valley  of  Chamouni — pale,  small,  feeble,  and  sug- 
iting  to  us  a  greatly  diminished  energy  of  combustion, 
le  candles  being  carefiUly  weighed  on  our  return,  the  tm- 
'•zpected  fact  was  revealed,  that  the  qn&ntity  of  stearine 
consumed  above  was  ahnost   precisely  the  same  as  that 
consumed  below.    Thus,  thoug-b  the  IJght-giving  power  of 
the  flame  was  diminished  in  an  extraordinary  degree  by 
the  elevation,  the  energy  of  tbe  combustion  was  the  same 
above  as  it  was  below.   This  curious  result  is  to  be  ascribed 
to  the  mobility  of  the  air  at  this  great  height.    The 


I 
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f  at  the  air ;  aod  the  nm 


Or.  Fti^ibMi  &■■  made  tben  e^wrinKnts 
^  a  if~j  inm^^jigy  TOBoiE.*    He  eliinn  that  Iba  qnaa 
li^  of  ■  endle  cqiwwwbI  in  a  pvot  time  is,  within  widl 
fcMB^  JaJtywilwH  of  the  d 
■M  ia^  thai  itLtlwasfa  b  j  cot 

Uw  anbcr  of  iditv  |«rtktet  in  oontact  with  the  I 
we  nhtKMl,  in  the  one  dcgPBB,  £suiA  tlMirmolnlity,  am 
Rtud  thnr  coMbostiaa.  WImd  aa  exeess  of  air,  nuHeove^ 
sanoimds  th»  ttioM.  ita  chnSng  tSed  wiD  lend  to  prolong 
Um  eintMtw  of  the  wtbon  parliclca  {n  a  wliil  fonn,  a 
•nm  to  prercat  thtir  fiaal  eootbastioa.  Oneof  ibc  b 
fid  expoiaMatal  nenilta  of  Dr.  Fnnkhnd's  invefit^atia 
IB,  Ait  hj  eoodeiuiag  the  air  araond  it,  the  pale  aoi 
amofcdtas  flanw  of  a  wfint  hoop  buj  be  rendered  as  brigA 
aa  that  of  cool  gas,  and,  b]r  poafaing  the  oondenaoioa  8^ 
cientljr  !»,  tlie  Asmio  may  actnaDy  Iw  rendered  smoky,  1 
alnggi»l>  oxvgvn  prcsvat  being  iDconipclcnt  to  clfeot  tb 
oom|)l(<tu  coDibustioQ  of  the  carbon. 

But  to  TTttum  to  our  theory  of  combn»lion :  it  is  to  t' 
olnsliinj;  together  of  tttc  oxygen  of  the  air  and  th«  constitt 
enta  of  our  gns  tutd  caoidlcs,  tliat  the  light  and  heat  c 
our  fiamcA  nro  dnc.  I  scatter  steel  filings  in  this  fiamo,  at 
you  8e«  the  siAr-Iikc  Bontillations  produced  by  the  cOT 
btution  of  the  steel.  Here  the  steel  is  tint  heated,  till  tb 
attraction  between  it  and  the  oxygen  becomes  SDfGcientl<f 
strong  to  c:iu4o  thcni  to  combine,  and  thoHo  roobel'likfli 
flashes  arc  the  result  of  their  collision.  It  Li  the  iinpaat 
of  the  atoms  of  oxygen  figainst  the  atoms  of  snlphnr  whio~ 
produces  the  flamo  observed  when  sulphur  is  burned  i 

■  PbilonoidiiCBl  TransuUoiu  Tor  1861. 
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oxygen  or  in  air;  to  the  collision  of  the  same  atoms 
against  phosphorus  are  dae  the  intense  heat  and  dazzling 
light  which  result  from  the  combustion  of  phosphorus  in 
oxygen  gas.  It  is  the  collision  of  chlorine  and  antimony 
which  produces  the  light  and  heat  observed  where  these 
bodies  are  mixed  together ;  and  it  is  the  clashing  of  sul- 
phur and  copper  which  causes  the  incandescence  of  the 
mass  when  these  substances  are  heated  together  in  a  Flo- 
rence flask.  In  short,  all  cases  of  combustion  are  to  be  as- 
cribed to  the  collision  of  atoms  which  have  been  urged  to- 
gether by  their  mutual  attractions. 

NOTES. 

(1)  A  fkr  more  beantiibl  mode  of  demonstration  was  sabseqaently  re- 
gorted  to.  Remoring  the  lens  from  the  camera  of  the  electric  lamp,  the 
rays  from  the  coal-points  issaed  diyergent  I  placed  a  lai^ge  plano-convex 
lens  in  front,  so  as  to  convert  the  divergent  cone  into  a  convergent  one, 
and  caused  the  cone  to  pass  through  the  receiver.  Its  track  was  at  first 
invi^ble,  hot  two  or  three  strokes  of  the  pmnp  precipitated  the  vapour, 
and  then  the  track  of  the  beam  resembled  a  white  solid  bar.  After  cross- 
ing the  receiver,  the  light  fell  upon  a  white  screen,  and  exhibited  splendid 
diffraction  ooloara  when  the  doud  fonned. 

(2)  Liebig's  A«n<t]pn^  toL  xUL  p.  233 ;  Phil.  Mag.  4th  Series,  vol  xxiv. 
p.  371 ;  and  in  renune^  PhiL  Mag.  voL  xxv.  p.  378.  I  am  indebted  to  Mr. 
Wheatstone  for  the  perusal  of  a  rare  and  curious  pamphlet  by  G.  Reben- 
stein,  with  the  foUowing  (translated)  title :  *  Progress  of  our  Time.  Gen- 
eraUon  of  Heat  without  Fuel ;  or.  Description  of  a  Mechanical  Process, 
based  on  physical  and  mathematical  proofs,  by  which  Caloric  may  be  ex- 
tracted from  Atmospheric  Air,  and  in  a  high  degree  concentrated.  The 
cheapest  Substitute  for  Fuel  in  most  cases  where  combustion  is  necessary.* 
Rebcnstein  deduces  from  the  experiments  of  Dulong  the  quantity  of  heat 
evolved  in  the  compression  of  a  gas.  No  glimpse  of  the  dynamical  theory 
id,  however,  to  be  found  in  his  paper ;  hid  heat  is  matter  ( Warmestoff) 
which  is  squeezed  out  of  the  air  as  water  is  out  of  a  sponge. 

(3)  In  1843  an  essay  entitled  *  Theses  concerning  Force*  was  pre- 
sented to  the  Royal  Society  of  Copenhagen  by  a  Danish  philosopher 
named  Colding.  At  this  early  date  M.  Colding  sought  to  ascertain  the 
quantity  of  heat  generated  by  the  friction  of  various  metals  against  each 
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oilier  and  i^;siiist  other  EnbsUncca,  iui<l  lo  determine  the  a 

chunica]  nork  consumed  in  its  gGnemtlon.    la  an  account  of 

giien  Lj  himflolf  in  tlie  Philo»opliic»l  Magmino  (vol.  uv 

BUtus  that  tho  remit  of  bis  cxpcrimccts.  ncartji  SOO  in  nun 

the  hwit  disengaged  won  alwajs  in  proportion  to  the  mechanlcnl  e 

Int.     Indopondeatly  of  tlio  materials  bj  whioh  the  heat  wm  g 

M.  CoIdlDg  found  that  an  amaimt  of  heat  eomprtcnt  to  rusa  a ' 

wu«r  V  0.  would  raise  a  weight  of  a  pound  1118  feet  lugh.    H.  Coldisg 

rUaU  trom  the  principlo  that  '  as  tbe  forces  of  nature  are  somelhliig  biof- 

itual  and  immaieriid — Gotities  nbcreof  we  are  cognisant  onlj  b;  thdr  mas- 

Icrif  over  nature,  IhoEe  entiliei  muat  of  course  be  very  superior  to  ererj- 

tliing  material  in  Ibe  World ;  and  as  it  is  obirlous  tbat  it  is  throngb  them 

only  that  Uie  nadom  we  perceiTe  and  admire  in  nature  expresses- itself^ 

tliGsc  powers  must  eridenUy  bo  io  relation  to  the  spiritual,  immLlerioi,  slid 

iutcUcclual  pown  itself  that  guides  nature  in  its  progress ;  but  if  such  ia  _ 

the  cose  it  is  conscquentl/  quitii  impossible  to  conodro  of  those 

auytMog  naturally  mortal  or  perishable.     Surely,  therefore,  t 

ought  to  be  regarded  as  absolutel;  biperighable.'     Wiutonv  indoo 

man  to  work  hag  (ontc  value  -,  and  inasmnch  as  these  spocalaliow  indna 

M.  Colding  lo  become  an  experimenter,  they  ore  on  this  acooont  a 

to  a  certun  dt^rec  of  respect 
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hbucib  weom  thb  twentieth  afhobibm  of  the  begokd 

BOOK  OF  THE  'NOYUH  OfiOAHUtt.* 

Wmoi  I  lay  of  motikm  that  it  is  the  genua  of  which  heat  is  a 
Redely  I  wooid  be  nnderetood  to  mean,  not  ih^t  heat  generates 
motkn,  or  that  motion  generates  heat  (though  both  are  tme  in 
oertun  cases),  but  that  heat  itself;  its  essence  and  qnidditj,  is 
motion,  tnd  nothing  else ;  limited,  howerer,  by  the  specific  differ- 
CDOM  which  I  will  presently  subjoin,  as  soon  as  I  haye  added  a 
few  csniioos,  for  the  sake  of  avoiding  ambigoity.    .    .    . 

Nor,  agam,  most  the  communication  of  heat,  or  its  transitiTe 
nitare,  by  means  of  which  a  body  becomes  hot  when  a  hot  body 
18  lulled  to  it,  be  confounded  with  the  form  of  heat.  For  heat 
18  one  thing,  and  heating  is  another.  Heat  is  produced  by  the 
motion  of  attrition  without  any  preceding  heat.    .    .    . 

Heat  is  an  expanmye  motion,  whereby  a  body  striyes  to  dilate 
nd  stretch  itself  to  a  larger  sphere  or  dimension  than  it  had  pre- 
TioQsIy  occupied.  This  difiB^rence  is  most  obseryable  in  flame, 
where  the  smoke  or  thick.yapour  manifiBsUy  dilates  and  expands 
into  flame. 

It  18  shown  also  in  all  boiling  liquid,  which  manifestly  swells, 
roeB)  and  bubbles,  and  carries  on  tiba  process  of  self-ezpandon, 
tin  it  tarns  into  a  body  far  more  extended  and  dilated  than  the 
fiqoid  itaeli^  namely,  into  yapour,  smoke,  or  air. 

The  third  specific  diflEisrence  is  this,  that  heat  is  a  motion  of 
eqwfflion,  not  uniformly  of  the  whole  body  together,  but  in  the 
onaDer  parts  of  it;  and  at  the  same  time  checked,  repelled,  and 
beaten  back,  so  that  the  body  acquires  a  motion  altematiye,  per- 
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pGHuUf  qcuvering,  striTing  and  strnggling,  and  irritateil  by 
pereussion,  whence  springs  the  fiuy  of  fire  anil  bent. 

Again,  it  is  shown  Id  this  that  when  the  ab  is  expnudoil  in 
calender  glasa,  without  iinpeilimcnt  or  rcpuldnu,  that  in  to  sa 
uuifunnly  and  equably,  there  is  no  )tetccptiblc  heat,  Also,  whi 
wind  cacapea  ftom  confinenivtit,  although  it  bnrats  forth  with  ti 
gTMtcat  violence,  them  is  no  very  great  heat  perceptible ;  bccau 
the  motion  te  of  the  whole,  without  a  motion  alternating  in  0 
particlea. 

And  this  ^cciBc  differcnoo  h  common  also  to  the  natnre  i 
cold ;  ft>r  in  cold  contractive  motion  is  tlieckn)  by  a  rvoeth 
teniiency  Id  expand,  just  as  in  heat  the  cxpaiiidve  action  is  chocki 
by  a  naisliug  t«inlciicy  to  contract.  Tliua  whether  the  pi 
nf  a  bod;  work  inward  or  outward,  the  moilo  of  actiun 


Now  Ih>m  this  our  first  Tintagn  it  follows,  that  the  form 
true  ik'finitiou  of  heat  (heat  that  ie  in  relatian  tu  the  uniTcrec,  not 
^uipty  in  relation  to  mau)  b  in  a  &w  words  as  follows :  Jleat  w 
a  tMUoHy  ttpanm^  retrained,  and  artiru/  in  it*  »tr\fe  vjioji  the 
tmiMtr  jmiUettt  t/f  bedit*.  But  t}ic  expansion  ia  thus  modified : 
•Ul*  it  i^andt  ail  «Myi,  ithiuattle  tame  tiiiu  an  indiaalkm  «p- 
vnrtk,  And  tho  aOuggle  in  the  particles  is  utodiflcd  also ;  a  if 
not  (hppwA,  hit  lutrriai  and  ksCA  eupUnct.* 


ABBTSACT  OF  COlTJtT  RtmroairS  ESSAY.  ENTTTLKD  "AS  ERQUTSY 
CONCKKNINQ  TUB  aOUSCS  OF  TUE  HEAT  WIIICH  U  EXOIXED  flV 

[ AoJ  it/Ww  li*  Jbffd  Boeiety,  January  M,  VH.] 

Being  engaged  in  superintending  the  boring  of  cannon  in  the 
workaUopa  of  tho  military  arsenal  at  Uunich,  Count  Itumford  wn* 
k  with  the  very  considerabie  degree  of  heat  which  a  brass 
xniires,  in  a  short  time,  in  being  bored,  and  with  the  still 
«nw  boat  (much  greater  than  that  of  boiling  water)  of 

•  Baeoa'a  Works,  yoI.  iv. :  SpwlJing^  TranBlation. 
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the  aeUllic  chipe  separated  from  it  by  the  borer,  he  proposed  to 
himscir  the  fuUowing  qaestiona : 

'  Whence  conicB  the  beat  ftctuslij  produced  in  the  mechanical 

ration  above  mi-'ntioned ! 

■  Is  it  fumisbed  bj  the  metallic  chips  which  are  scpurated  bom 

metal  J' 

If  Uua  -were  the  case,  then  the  capaeitf/for  heat  of  the  parls  of 

I  metal  so  reduced  to  chips  ought  not  only  to  be  changed,  but 

•■  change  undergone  by  them  shonJd  be  sufficiently  great  to  oc- 

aooDt  for  all  the  heat  produced.     No  such  change,  however,  had 

ken  place ;  for  the  chips  were  found  to  have  the  same  capacity 

■lices  of  the  same  metal  cut  by  a  fine  saw,  where  heating  was 
enae,  it  is  evident  that  the  heat  produced  could  not 
MBibly  have  been  furnished  at  the  expenac  of  the  latent  heat  of 
le  metallic  chips.  Rumford  describes  those  ciptrimuats  at  ledgth, 
kd  they  arc  conclusive. 

lie  thon  designed  a  cylinder  for  the  express  purpose  of  goner- 
ing  beat  by  fiiclion,  by  having  a  blunt  borer  forced  again.Ht  its 
C()  bottom,  while  the  cylinder  was  turned  round  its  axis  by  the 
ICG  of  horses.  To  meo-sure  the  beat  devetpped,  a  aniali  round 
■le  w»B  bored  in  the  cylinder  for  the  purpose  of  introducing  a 
B>11  mercurial  thermometer.  The  weight  of  the  cylinder  was 
U.13  lbs.  avoirdupoia. 

The  borer  was  a  flat  piece  of  hardened  steel,  0*G3  of  an  inch 
tck,  4  inches  long,  and  nearly  as  wide  as  the  cavity  of  the  bore 
t  the  cylinder,  namely,  3}  inches.  The  area  of  the  surface  by 
Ucb  its  end  was  in  contact  with  the  bottom  of  the  bore  was 
■bIj  3J  inches.  At  the  Ix^nning  of  the  experiment  the  tcm- 
tntnre  of  the  air  in  the  shade  and  also  that  of  the  cylinder 
W  60  degrees  Fahr.  At  tlie  end  of  30  minutes,  and  after  the 
rHndcr  had  made  060  revolntions  round  its  axis,  the  temperaturo 
M  fannd  to  be  130  degrees. 

I  Bavtng  taken  away  the  borer,  he  now  removed  the  njctaltio 
■t,  or  rather  scaly  matter,  which  bad  been  detached  from  thr 
tttom  of  the  cylinder  by  the  blunt  steel  borer,  and  found  ila 
^ht  to  b«  837  grains  troy.  '  Is  it  possible,"  he  exclaims,  '  that 
la  very  considerable  quantity  of  beat  produced  in  this  ciperi- 
nl — n  qtuintity  which  actually  raised  the  temperature  of  itbovo 
[3  poimds  of  gun  metal  nt  least  TO  degrees  of  Fahrenheit's  thcr- 
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mometei — could  hare  been  faraiahed  by  s6  inconHidernble  ft  qnuir 
titj  of  metallic  liuat,  and  this  merely  in  conaequence  of  a 
in  its  capacity  for  heat  T 

*  But  without  insisting  on  the  iniproCability  of  tliis  EQpp(Mlb 
tiou,  we  have  only  to  recuUect  that  from  the  results  of  actual  ai 
decislTc  experiments,  made  fur  the  express  purpoee  of  ascertaiiuiQ> 
that  fact,  the  capacity  for  heat  of  the  metal  of  which  gi'eat  g 
arc  ca^t  is  not  ieit*ibly  ch/inged  by  being  reduced  to  the  foim  0 
metallic  chips,  and  there  does  not  Eeem  to  be  any  reoBon  to  th 
that  it  caa  be  much  changed,  if  it  be  changed  at  all,  in  being 
duced  to  much  smailer  pieces  by  a  borer  which  is  Icaa  shaip.' 

He  next  Euirounded  his  cylinder  by  an  oblong  deal  boi,  li 
Buch  a  manner  that  the  cylinder  could  turn  water-tight  it 
tre  of  the  box,  while  the  borer  was  pressed  against  the  bottom  oC 
the  cyUnder.    The  box  was  filled  with  water  until  the  entire  c; 
inder  was  corcred,  and  then  the  apparatus  was  set  in  actic 
The  temperature  of  the  water  on  commencing  waa  QO  degrees. 

'  The  rcKUlt  of  thi»  bcautifiil  experiment,'  writes  Rumford 
'  was  very  striking,  and  the  pleasure  it  afforded  me  amply  n 
me  fur  all  the  trouble  I  had  Lad  in  contriving  and  arranging  tl 
complicated  machinery  used  in  making  it.  The  cylinder  h 
been  in  motion  but  a  short  time,  when  I  perceived,  by  patting  is 
hand  into  the  water,  and  touching  the  outside  of  the  cylinda 
that  heat  was  generated. 

'  At  the  end  of  an  hour  the  fluid,  which  weighetl  18-77  lbs,,  < 
S}  gallons,  had  its  temperatnre  raised  47  degrees,  being  now  1 
degrees, 

'  In  thirty  minutes  more,  or  one  hour  and  thirty  minntes  afl 
the  machinery  had  been  set  in  motion,  the  heat  of  the  water  w 
113  degrees. 

'  At  the  end  of  two  hours  from  the  beginning,  the  tcmperatD 
was  178  degrees. 

'  At  two  hours  and  twenty  minutes  it  was  300  degrees,  and  M 
two  hours  and  thirty  minutes  it  actttallt  boiu 

It  is  in  reference  to  thin  experiment  that  Rumfonl  made  tl 
remarks  regarding  the  surprise  of  the  bystanders,  which  I  h 
quoted  in  Lecture  I. 

He  then  carefiilly  estimates  the  quantity  of  heat  p 
each  portion  ofhia  apparatus  at  the  conclusion  of  thee: 
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ind  addiug  all  together,  finds  a  total  BufGcipnt  to  raise  36'58  lbs. 
of  ice-cold  water  to  its  boiling  pout,  or  tliroug-h  180  degrees  Fnh- 
nnbcit  Bj  careful  calculation,  be  finda  this  beat  equal  to  thut 
gWcD  oat  by  the  combustion  of  3303*8  grains  (=  4y'„  oz.  troj) 
of  w»x. 

Be  then  detcnmueB  the  '  tderUy '  with  which  the  heat  was 
generated,  Baauniug  up  bis  computations  thus :  '  From  the  results 
of  theee  computAtions,  it  appears  that  the  quantity  of  heat  pro- 
duced equably,  or  in  a  continuouB  Btream,  if  I  may  use  the  eipres- 
sioD,  by  the  friction  of  the  blunt  steel  borer  against  the  bottom 
of  the  hollow  metallic  cylinder,  was  greater  than  that  pnnluccd  in 
the  combustion  of  nine  wam  candle*,  each  }  of  an  inch  in  (Uameter, 
all  boming  together  with  clear  bright  flames.' 

'One  horse  would  have  been  equal  to  the  work  performed, 

though  two  were  actually  employed.    Heat  may  thus  be  produced 

merely  by  the  strength  of  a  horse,  lind,  in  a  case  of  necessity,  thia 

heat  might  be  used  in  cooking  victuals.    But  no  circmnBtancca 

_,«aDld  be  imtgined  in  which  this  method  of  procuring  heat  wonld 

B'hi  ad*aDtageotig ;  for  more  heat  might  bo  obtained  by  using  the 

sai7  for  the  support  of  a  horse  as  thel.' 

[ThiB  b  an  extremely  aigniScant  passage,  intimatlDg  as  it 

t,  that  Bumford  saw  clearly  that  the  force  of  animals  was  de- 

1  from  the  food ;  no  creation  of  foriM  taking  place  in  the  ani- 

a  botly.J 

y  meditating  on  the  results  of  all  these  experiments  we  arc 
tUy  brought  to  that  great  question  which  has  so  often  been 
e  subject  of  BpecnJation  among  philosophers,  namely,  "Wliat  is 
—is  there  any  such  thing  as  an  i^atmia  fiuiAf    Is  there  any 
Ifting  that,  with  propriety,  can  be  called  caloric  } ' 

'  Wo  have  seen  that  a  very  conaderable  quantity  of  beat  may 

Vko  excited  by  the  friction  of  two  metallic  enrfaces,  and  given  off 

»  constant  stream  or  flux  in  aU  direetutnt,  without  interruption 

intenuissioD,  and  without  any  signs  of  diminviion  or  exliniation. 

r^  reasoning  on  this  ntti^ct  we  must  not  forget  ttuit  mo$t  remari:- 

aHU  Hreumttance^  that  the'source  of  the  heat  generated  by  fiiction 

in  these  eiperimenta  appeared  evidently  hi  be  inerhauttilile.    (The 

italics  are  Rnmford's.)    It  ia  hardly  necessary  to  add,  that  any-* 

g  which  any  iiwulaied  body  or  system  of  bodiee  can  continue 

imiall  witAtfut  UmUation  caimot  possibly  bo  a  matmal  tub- 
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,'  and  it  app«are  to  mo  to  be  extremclj  difficult,  if  n 
>  imposaiblr,  to  fbnn  tuiy  lUstinct  idta  of  anything  capftU 
g  excited  and  communicated  in  those  eipcrimt-nts,  e; 
TtboM 

When  the  history  of  the  dynamical  theory  of  beat  i«  writta 
1  who,  in  oppoeition  to  the  scientific  belief  of  hla  t 
could  experiment  ami  re«soa  upon  experiment,  as  Itumlbrd  didfl 

estigatjon  here  referred  to,  cannot  be  lightly  piitfed  e 
nmdJy  Anything  mors  powerl\il  against  the  tuat^riality  of  h 
bna  been  since  adduced,  hardly  anything  more  conclusive  in  t 
way  of  establishing  tliat  heat  is  nhat  Rtmiford  considered  it  ■ 
bo,  JVofim. 


■  A  very  singular  phenomtaon  was  repeatedly  obserrcd  dm 
the  experiments  with  bisulpliido  of  carbon.     AAcr  dctenninid 
the  absorption  of  the  vapour,  the  tube  was  esbaaslpd  us  peffcd 
aa  pofluble,  the  trace  of  vapour  left  beliiiul  being  exceodinfl 
minute.    Dry  air  was  then  admitted  to  clcanEe  the  tube, 
again  exhausting,  after  the  first  few  strokes  of  the  jiump,  a  , 
was  felt  and  a  kind  of  explosion  beam,  while  dense  yolnmea  ■ 
blue  smoke  inunodtately  issncd  from  tho  pump  cylinders, 
aotlun  was  confined  to  the  latter,  and  never  propaguted  i' 
backwards  into  the  experimenta]  tube. 

*  It  is  only  with  liisulphide  of  carbon  that  this  efiect  hae  b 
observed.    It  may,  I  think,  be  explained  in  the  following  mac 
nor: — To  open  the  valve  of  the  piston,  the  gna  beneath  it  mofl 
have  a  certain  tensjon,  and  the  compression  ueceMaiy  to  produt 
this  appears  sufficient  to  cause  the  combination  of  tho  constitu 
of  tho  bisulphide  of  carbon  with  the  oxygon  of  the  air.    8ncli9 
combination  certainly  takes  place,  for  tho  odour  of  snlphui 
acid  is  unmistakeuble  atmd  the  fumes, 
,     '  To  test  this  idea  I  tried  tho  eSect  of  comprcsidon  ii 
eyringc.    A'  bit  of  tow  or  cotton  wool  moistened  with  bisnlphl 
of  carbon,  and  placed  in  tho  syringe,  cmittwl  a  bright  fl 
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the  air  was  compreseecL  By  blowing  oat  the  ftimes  with  a  glass 
tube,  this  experiment  may  be  repeated  twenty  times  with  the  same 
bit  of  cotton. 

'  It  is  not  necessary  eyen  to  let  the  moistened  cotton  remain  in 
the  syringe.  If  the  bit  of  tow  or  cotton  be  thrown  into  it,  and 
out  again  as  qniddy  as  it  can  be  ejected,  on  compressing  the  air 
the  Imninons  flash  is  seen.  Pore  oxygen  produces  a  brighter  flash 
than  atmospheric  air.  These  &cta  are  in  harmony  with  the  aboye 
explanation.'  * 

•  FhO.  Trans.,  1861 ;  PhiL  Mag.,  Sept  1861. 


TOUR  reapiwarancc  liere  to-day,  after  the  Btrain  wM( 
has  already  been  put  npon  your  attention,  encouragi 
me  to  Lope  that  our  present  exporiraent  will  not  be  entircj 
unsuccessful.  I  need  not  tell  an  audience  like  thin  tUi 
nothing  intellectually  great  is  eiiher  accomptisiied  or  a 
proprial«d  without  effort.  Newton  ascribed  the  differeiu 
between  himself  and  other  men  to  his  patience  in  eteadil; 
looking  at  a  question,  until  light  dawned  upon  it,  nad  if  w 
have  firmneas  to  imitate  liis  example,  we  shall,  no  doab 
reap  a  commensurate  reward. 

In  our  first  lecture  I  permitted  a  filedgc-hnnimer  to  d 
scend  upon  a  mass  of  lead,  and  wo  found  th.it  the  lead  b 
camu  heated,  as  soon  as  the  mcchaniDal  motJou  of  the  hiU 
mer  was  arrested.     Formerly  it  was  asBuuiod  that  the  fop 
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f  Uw  bammer  was  simply  lost  by  the  conoussion.    In  ela* 

C  bodies  it  yeas  supposed  tLnt  a  portion  of  itie  force  woa 

I  by  the  elasticity  of  the  body,  which  caused  the 

Midlug  moss  to  rebound  ;  bat  in  the  coUieion  of  ineliis- 

e  bodies  it  waa  taken  for  granted  that  the  force  of  imptict 

This,  according  to  our  pregeot  notions,  was  a 

mdamental  mistake  ;  we  now  admit  no  loss,  but  assume, 

kat  when  tho  motion  of  the  descending  hammer  ceases,  it 

t  eimply  a  case  of  tranxference-,  instead  of  annihilntion. 

e  motion  of  the  mass,  as  a  whole,  has  been  transfuruieil 

o  a  motion  of  the  molecules  of  the  mass.     This  motion 

,  Uowever,  though  iutense,  is  executed  within  Limits 

0  minttte,  and  the  moving  particles  are  too  small,  to  bo 

e.     To  discern  these  jirocesses  wo  must  moke  use  of 

r  eye  and  higher  powers,  namely,  the  eye  and  powers 

e  mind.    In  tho  case  of  solid  bodies,  tlion,  wliile  Iho 

of  cohesion  still  holds  tho  particles  together,  you 

t  conceive  a  power  of  vibratiou,  within  certain  limits, 

1  by  the  particles.     You  must  suppose  them 

[  to  and  fro  across  their  positions  of  rest ;  and 

>T  the  amonnt  of  heat  wo  imparl  to  the  body,  or 

ater  the  amount  of  mechanical  action  which  we  in- 

4  io  il  by  percussion,  compression,  or  fiiction,  the  more  \ 

p  wQl  be  the  molecular  vibration,  and  tho  wider  the   1 

\6  of  the  atomic  oscillations. 

•,  nothmg  ia  more  natural  than  that  particles  thus 
bg,  and  ever  as  it  were  seeking  wider  room,  shonhl 
oeaoh  otlier  apart,  and  thus  cause  the  body  of  which 
f  nxe  Uic  Doustituents,  to  expand  in  volame.  TIiim,  iu 
1,  in  the  consequence  of  imparting  bent  to  bodice — 
.•olurao.  We  shall  closely  cunsidor  the  few 
ait  exccfiiiouB  to  Ibis  law  by  and  by.  By  the  force 
lino,  then,  tho  particles  aro  held  together ;  hy  the 
r  hieuX  they  aro  pushed  asunder :  hero  arc  the  two 
I  pnndplos  on  which  the  molecular  aggregation 
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of  tbe  body  depends.  Let  qb  suppoEo  the  commiuucatio 
of  hgat  to  conlionc ;  every  incieuicnt  of  beat  pufihes  tl 
particles  more  widely  apart;  but  the  foree  of  cohesion,  b] 
all  other  known  forces,  acta  more  and  more  feebly,  as  tl 
distance  between  the  particles  which  are  the  scat  of  tl 
force  is  augmented.  As,  therefore,  the  heat  atrengtheE 
its  opponent  grows  weak,  until,  tinally,  tlie  particles  are  ■ 
far  loosed  from  the  rigid  thrall  of  cohesion,  that  they  ai 
at  liberty,  not  only  to  vibrate  to  and  fro  across  a  fixed  p 
sition,  but  also  to  roll  or  glide  around  eacli  other,  Cohedc 
is  not  yet  destroyed,  but  it  is  so  far  modified,  that  while  tl 
particles  still  offer  resistance  to  being  torn  dii-ectly  asonde 
tbcir  laleial  mobility  over  each  other's  surfaces  is  s 
T/m  IS  (Ae  liquid  condition  of  matter. 

In  the  interior  of  a  nutss  of  liquid  the  motion  of  evei 
atom  is  controlled  by  the  atoms  which  surround  it.  B 
suppose  you  dovelope  beat  of  sufficient  power  within  t 
body  of  a  liquid,  what  occurs  ?  Why,  the  partiolea  b 
the  last  fetters  of  cohesion,  and  fly  asunder  to  form  bubbl 
of  raponr.  If  one  of  the  surfaces  of  the  Uquid  be  qo) 
free,  that  is  to  say,  uncontrolled  either  by  a  liquid  or  aoUJ 
it  is  quite  easy  to  conceive  that  some  of  the  vibrating  * 
perficiiil  particles  will  be  jerked  quite  away  from  the  liqid 
and  will  fly  with  a  certain  Telocity  through  space.     Th 

.  freed  from  the  iriflitence  of  cohesion,  toe  have  matter  in  i 

n  vaporotu!  or  gaaeoua  fonn. 

'  My  object  here  is  to  familiarize  your  minds  with  tl 
general  conception  of  atomic  motion.  I  have  spoken  of  tl 
vibralion  of  the  particles  of  a  solid  as  causing  its  expti 
sion ;  the  particles  have  been  thought  by  some  to  revoh 
round  caoh  other,  and  the  oomroimication  of  heat,  by  ag 
menting  the  centrifugal  force  of  the  particles,  waa  snppc 
to  push  them  more  widely  asunder.  I  have  here  a  vdg 
ftttiiclicil  to  n  spiral  spring ;  if  I  twirl  the  weight  roond' 
the  air  it  lends  to  fly  away  from  me,  tin:  spring  stretches ' 
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iertsin  extent,  anil  as  I  angmeiit  the  speed  of  revolution, 

)  spriug  £trctchca  Htill  more,  tie  distances  between  my 

I  aod  the  weight  being'  thas  augmented.     It  iisa  been 

igbt  thit  the  augmentation  of  the  distiincc  between  a 

y'a  atoms  by  heat,  may  be  also  due  to  a  revolution  of 

And  imagine  the  motion  to  continue  till  tho 

« ;  the  ball  attached  to  it  would  fly  off  along  a 

t  to  its  former  orbit,  and  thus  represent  an  atom 

f  faoat>  from  the  force  of  cohesion,  which  is  rudely 

xitcd  by  our  sjiring.    Tho  ideas  of  the  most  well- 

yonoed  philosophers  are  aa  yet  uncertain  regarding  tho  . 

pturc  of  tho  motion  of  heat ;  hut  the  great  point, ' 

a  to  regard  it  as  motion  of  some  kind,  leaving 

recise  character  to  bo  dealt  with  in  future  inves- 

■  We  might  extend  the  notioo  of  revolving  atoms  to 

s  also,  and  deduce  their  phenomena  from  a  motion  of 

But  I  have  jost  thrown  out  an  idea  regarding 

rtides,  which  is  at  present  very  ably  main- 

!  tbe  idea,   namely,   that    such    particles  fly  in 

I  through  space,     Evoiybody  must  have  re- 

riu>W  quickly  tho  perfume  of  an  odorous  body  flils 

k  room,  and  this  fact  harmonizes  with  the  idea  of  tho  di- 

WA  projection  of  the  particles.     But  it  may  bo  proved, 

t  If  the  tlieory  of  rcetilitiear  motion  be  true,  the  parli- 

mntt  move  nt  tho  rate  of  Beveral  hundred  fcot  a  scc- 

Hcnco  it  might  bo  objected  that,  according  to  the 

»VB   hyp<)lliesis,    odours   ought  to   spread   much   more 

jkly  than  they  are  observed  to  do. 
I  TTie  atiswer  to  thia  objection  is,  that  they  have  to  mnkc 
r  way  through  a  crowd  of  air  particles,  with  wbicli 
f  0Onc  into  incessant  colliEion.      On  mi  average,  the 


I*  8f  Jbtda,  KrOnlg,  Maxiroll :  nn<t,  in  s  scriei  at  citreoiLlj  nlilc  pnpei*, 
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diAtaace  through  whicb  an  odorous  particle  can  traTcI  ii 
ronimoQ  nir,  without  striking  against  a  particle  of  air,  I 
iufiuiteaimal,  and  hcuco  the  propagation  of  a  pert'oi 
through  air  is  enormously  retartlcit  hy  the  air  itself.  It  is^ 
weil  kuowu  that  wheu  a  free  couununicatioa  is  opened  bo-fl 
tween  the  Gurl'aco  of  a  liquid  and  a  vacuum,  the  vacuoul 
)^pace  is  much  more  speedily  filled  Uo  saturation  with  th4 
vai»our  of  die  liquid,  than  wlieii  air  is  present.* 

According  to  this  h}-|>othesis,  then,  wo  arc  to  figore  a 
gnseouit  body  as  one  who»o  particlos  are  ilying  in  strmgitt 
hues  through  8p.-icc,  im|iiugtug  Uko  little  projectiles  n 

/each  otlier,  and  striking  against  the  boundaries  of  Uio  Bpt 
wliieh  iht-y  occupy.  Sir.  j\jider8on  will  place  thb  bladdt 
half  filled  with  air,  under  the  rccciTcr  of  the  tur-^ump ; 
will  now  work  tho  piunp,  and  remove  the  sir  that  s 
the  bladder.  Tlic  bladder  swells ;  the  air  williin  it  uppcanT 
qoitu  to  till  it,  so  as  to  remove  all  its  foKls  aud  creases. 
Uow  is  tliis  ciipansioii  of  tho  bladder  produced  'i  Accord- 
tug  to  our  present  theory,  it  is  produced  by  the  shooting 
of  atomic  projectiles  against  its  interior  surface,  whicb 
drivo  tho  envelope  outwar<ls,  nntil  its  lendon  i«  able  to 
Cflpc  with  their  force.  ^Vlicn  ojr  is  adnuttcd  into  the  re- 
cei\'cr,  the  bladder  shrivels  up  to  its  former  size ;  and  hero 
wo  muBt  figure  the  discharge  of  the  air  particles  n^unst  liw 
outer  Burfaeo  of  tho  bladder,  whiclt  drive  the  envelope  In- 
wards, cjiuwng,  at  tlio  same  tluio,  tho  p.irtieles  within  to 
conoe^itratu  their  fire,  nutil  tlnally  the  force  from  within 
equals  tJiat  from  withont,  and  the  envelope  remains  qnie»- 
cent.  AH  tho  impressions,  then,  which  we  derive  fr^ni 
lioatcd  air  or  \-apoar  are:,  according  to  this  hypothesis 
duo  to  the  impact  of  the  gaseons  atoms.  They  »tir  the 
nerves  in  their  own  peculiar  way,  the  nerves  transmit 
the  motion  to  the  brain,  and  the  brain  dechire^  it  to  be 
heat.  Thns  tlie  impresBion  one  receives  on  entering  the 
hut  ruoni  of  a  Turkish  bath,  ia  caused  by  the  atomio  cau- 
•  So«  Note  (4)  at  the  cod  oT  OiU  Lcctutv. 
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!  which  Is  Uiere  mamtained  agains    tlio  snrfiicc  of 

istead  of  placiDg  this  bladder  under  the  receiver  of 
T*punip,  and  withdrawing  the  estcmal  air,  I  augment, 
L,  the  projectile  force  of  the  particles  witliin  it,  tliosc 
I,  though  comparatively  few  in  number,  will  Mtrilco 
h  impetuona  energy  agMUBt  the  inner  earfaco  as  to 
»  the  envelope  to  retreat :  the  bladder  swells  and  be- 
les  s])[iarently  filled  with  air  ;  I  hold  the  bladder  cloao 
i  lire,  ajid  hero  it  is,  you  sec,  with  all  its  creases  rc- 
L  But  you  will  retort,  perliaps,  by  saymg  that  this 
;fat  not  to  be  the  case,  innEmuch  as  the  air  outside  the 
t  also  near  the  fire,  and  therefore  anirauted  mth  a 
•  projectile  energy,  which  tends  to  drive  the  envelope 
True,  the  bladder  and  the  air  in  contact  with  it  arc 
ally  near  the  fire ;  but  in  a  future  lecture  you  will  learn 
t  the  tur  outside  the  bladder  allows  the  rays  of  heat  to 
s  tJiroagh  it  with  very  little  augmentation  of  tcmpcra- 
<,  while  the  bladder  intercepts  the  radiant  heat ;  the  en- 
«  becomes  first  warmed  and  then  communicates  iu  lieat, 
ict,  to  the  air  within.  The  air,  moreover,  in  con- 
it  the  bhidder  on  the  ontside,  though  heated  by  the 
■,  has  free  space  to  dilate  in,  and  is  therefore  incom- 
0  resist  the  expansion  of  the  confined  air  which  the 
T  contains. 

k  Tfais,  then,  is  a  simple  lUustralion  of  the  expansive  force 

iriiciit,  and  I  have  here  an  apparatms  intended  to  show  you 

I  fact  in  another  manner.     Hero  ia  a  flask,  f  (tig. 

I,  empty,  except  an  regards  air,  which  I  intend  to  heat 

«  little  Bpirit-Iamp  underneath.     From  the  fiaak  a  bent 

)  passes  to  tliis  dish,  conttuoing  a  coloured  liquid.    In 

t,  a  2-foot  glass  tube,  1 1,  ie  inverted,  closed  at  the 

t  with  its  open  end  downwards ;  you  know  that  tho 

e  of  the  atmosphcj'e  is  competent  to  keep  the  column 

Bli<]itid  in  tliiB  tube,  uud  here  yoii  have  it  (juitu  filled  to 
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the top  with  the  liquid.    Xho  tube  passmg  from  the  flask  ^ 
ia  caused  to  turn  ap  exactly  underneath  the  open  end  of 
this  upright  tube,  so  that  if  a  bubble  of  mt  should  iitsuo 
from  the  former,  it  will  ascend  the  Litter,    1  now  boat  tbe 


fiaak,  and  as  I  do  ho,  the  air  expands,  for  tbe  reasons  al- 1 
ready  given ;  bubbles  are  driven  from  tbe  end  of  the  benfe-fl 
tube,  and  they  ascend  in  the  tube  1 1.  Tbe  air  speedily  Aa*M 
presses  the  Uquid  colnmn,  imtil  now,  in  the  course  of  a  ti 
few  seconds,  the  whole  colnmn  of  liquid  his  been  soper*! 
Bcded  by  air. 

It  U  perfectly  manifest  that  the  air,  tliua  oxiKuided  by! 
heat,  ia  lighter  than  the  unexpanded  air.  Onr  flask,  at  tha^ 
conclusion  of  this  experiment,  is  lighter  than  it  was  at  the* 
commencement,  by  the  weight  of  the  air  transferred  from 
it  into  the  upright  tube.  Supposing,  therefore,  a  light  bag 
to  bo  filled  with  such  air,  it  is  plain  that  the  bag  woold^fl 
with  reference  to  the  hea\-y  air  outside  it,  lie  liie  a  drojll 
of  oil  in  water ;  the  oil  being  lighter  lliau  tlie  water,  v 
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,  tbroogh  tli6  latter;  bo  also  oiir  bag,  filled  with 
I  air,  will  ascend  iu  tlie  atmogpLoro ;  and  tliia  is  the 
iplo  of  the  so-called  fire-bnlloon.  Mr.  Anderson  will 
•  Honie  tow  in  this  Tcssel,  over  it  he  wilt  place  this 
T  and  over  the  funnel  I  will  hold  the  moMth  of  this 
r  balloon.  Tbo  heated  air  ascending  from  the  bnraing 
lo*  enters  the  balloon,  causes  it  to  swell ;  its  tendency  to 
rise  is  already  manifest.  I  let  it  go,  and  thus  it  sails  aloft 
till  it  strikes  the  ceiling  of  the  room. 

But  we  must  not  be  content  with  regarding  these  plie- 
Domena  in  a  general  way ;  without  exact  quantitative  de- 
tcrroinatioDa  our  discoveries  would  confound  and  bewilder 
us.  We  most  now  enquire  what  is  the  amount  of  expan- 
son  which  a  given  quantity  of  beat  is  able  to  produce  in  a 
gas  ?  This  is  an  important  point,  and  demands  our  special 
stt^ntion.  When  we  speak  of  the  volume  of  a  gas,  we 
^hoold  liave  no  distinct  notion  of  its  real  quantity,  if  its 
tempcralure  were  omitted,  the  volume  varies  so  largely 
"  jrith  the  lemperaturo.  Take,  then,  a  measure  of  gas  at  tlio 
»  teinjierature  of  water  when  it  begins  to  freeze,  or 
t  ieo  when  it  commenccsto  melt,  that  is  to  say,  at  a  tcm- 
Itore  of  32°  Fahr.  or  0'  Cent^  and  rdse  that  volume  of 
s  one  degree  in  temperature,  the  prcBSitre  on  ecenj  square 
hef  tius  envelope  Khich  holds  the  gna  being  preserved 
The  voluinfi  of  the  gas  will  become  expanded 
itity  which  we  may  call  a ;  rdse  it  another  degree 
B  Uffipcnttarc,  its  volume  will  be  expanded  by  2a,  a  third 
D  will  cause  an  expansion  of  3o,  and  so  on.  Thus,  we 
\,  UuU  for  every  degree  which  wo  add  to  the  temperature 
^  the  gaa,  it  n  «xpaiided  by  the  same  amount.  Wliat  is 
s  amofmt  ?  No  matter  what  the  qujmtity  of  gaa  may  be 
at  the  freesdng  temperature,  by  raising  it  one  degree  Fahr- 
enMl  we  augnicnt  its  volume  by  yiith  of  its  own  amount; 
f  rftlslng  it  Olio  <iegreo  Centigrade  we  augment  llio 
B  by  ^t^d  of  it»  own  amount.    A  cubic  foot  of  gas, 
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for  example,  at  0°  C,  becomes,  on  being  bcated  to  1' 
IrJj  cubic  foot,  or,  oxpressed  in  decimals, 


1  vol.  At  0°  C.  becomes 
at  2"  C.  it  bccoiuea 
&t  3"  C.  it  becomes 


1  +  -00367  at  1°  C. 

1  +  -00387  X  2 

1  +  -00067  X  3,  and  80  on. 


The  constant  number  -00367,  wbich  expreBsce  the  fr; 
tiou  of  Its  own  volume,  which  a  gas,  at  the  freezing  te 
perature,  expands  on  being  heated  one  degree,  ia 
called  tlie  cofifficient  qf  expansion  of  llie  gas.    Of       *  ' 
course  if  we  nso  the  degrees  of  Falirenheit,  the  co- 
efficient will  be  smaller  in  the  proporUon  of  0  to  6? 

This  much  made  clear,  we  shall  now  approach, 
by  slow  degrees,  an  interesting  but  diflScidt  buV 
joct.  Suppose  I  have  a  quantity  of  air  contained 
in  a  very  tall  cjUnder,  a  b  (6g.  21),  the  tnuiB\erBe 
section  of  which  is  one  square  inch  in  area.  Let 
the  top  A  of  the  cylinder  be  open  to  the  air,  and 
let  P  be  a  piston,  which,  for  reasons  to  be  explained 
immediately,  I  will  suppose  to  weigh  two  pounds 
one  ounce,  and  which  moves  air-light  and  without 
friction,  up  or  down  in  the  cyhnder.  At  the  com- 
mencement of  Iho  experiment,  let  the  piston  be  at 
the  point  p  of  tlio  cylinder,  and  let  the  height  of 
the  cylinder  from  its  bottom  b  to  the  point  p  be 
273  inches,  the  air  underneath  the  piston  being  at 
a  temperature  of  0°  C.  Then,  on  heating  the  air 
fi-om  O'  to  1°  C.  the  piston  will  rise  one  inch ;  it 
will  now  stand  at  274  iuuhes  above  tlie  bottom.  If 
the  temperatulre  be  raised  two  degrees,  the  piston 
will  stand  at  -275,  if  raised  three  degrees  it  will 
Btaiul  at  27C,  if  raised  ten  degrees  it  will  stand  at 
283,  if  100  degrees  it  will  stand  at  373  inches 
above  the  bottom;  finally,  if  the  tcmporalnre  were  mil 
to  273"  C,  it  ia  quite  manifest  273  inches  would  be  ode 
"  Sec  Note  (6)  nl  tbo  coJ  uf  tlils  Iiwnira. 
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the  L^ght  of  the  colomn,  or,  in  other  words,  by  heating 
B  air  to  273°  C,  iCs  volume  teouid  be  doubled. 
}  Ii  is  evident  that  the  gas,  in  this  exiieriment,  executes 
In  espfinding  from  p  upwards,  it  has  to  overcome 
t  domiward  pruKsure  of  tho  atmosphere,  which  amoimts 
b  15  lbs.  on  every  «q<iare  iacb,  and  tdso  the  weight  of  tlic 
■on  itself,  which  la  2  lbs.  1  oz.  Hence,  tlic  section  of 
i  cylinder  Ireing  one  square  inch  in  area,  in  expanding 
Q  p  to  f'  the  work  done  by  die  gas  is  cijuivalcnt  to  the 
eight  of  17  lbs.  1  oz.,  or  273  ounces,  to  a  height 
PS73  inches.  It  is  just  the  same  a.s  w)mt  it  would  accom- 
i,  if  the  air  above  p  wore  entirely  abolished,  and  a  pi»- 

eighing  1 7  tbs.  l  oz.  were  placed  at  p. 

Let  IIS  DOW  alter  our  mode  of  experiment,  and  instead 

t  aSHowms  oar  giLS  to  expand  when  heated,  let  ns  oppose 

I  expansion  by  augmenting  tho  pres;!uro  upon  it.    In 

■  vordo,  1ft  ns  keep  its  volume  conftmit  while  it  is 

*  heated.    Siippoae,  aa  before,  the  initial  temperature 

Ktbo  gas  to  bu  0''  C,  the  pressure  upon  it,  including  the 

^t  of  tho  jiLntou  p,  being,  as  formerly,  273  ounces. 

i  warm  tlio  gas  from  0°  C.  to  1"  C. ;  what  weight 

1  vo  adtl  to  P  in  order  to  keep  its  volume  constant  ? 

Exactly  ono  ounce.     But  wc  haro  supposed  the  gas,  at  tho 

coiniQvncement,  to  be  onder  a  prcRsure  of  273  ounces,  and 

ihc  prevture  it  sustains  is  the  measure  of  its  elastic  force ; 

hence,  by  being  heated  one  degree,  the  elastic  force  of  the 

gas  has  aogmented  by  r}ai'<I  of  what  it  possessed  atO". 

inn  it  2",  2  ozs.  must  bo  added  to  keep  its  volume 

;  if  3",  3  ozs.  must  be  added.    And  if  wo  raise  ils 

ore  S73^,  we  shoidd  have  to  add  273  ozs. ;  that  is, 

il  lixvc  to  dofUila  tlte  orii/hud  ynasura  to  keep  iho 

mc  oonntnnt. 

Mt  u  simply  for  the  sake  of  doamcsa,  and  to  avoid  frao- 


r  rftlcc.tiona,  that  I  have 
e  original  prcsanrc  of  233 


sn])posod  tho  gas  to  bo 
matter  what  its 
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presBnre  may  be,  tlie  addition  of  1 "  C.  to  its  t^mpcratta 
prorlucea  an  nugmenlaliou  of  3+5"!  of  tlio  clofitic  fort 
wliich  the  gas  possesses  at  the  freezing  temperature ;  aa 
by  raising  ita  temperatnre  273°,  while  its  volume  ia  kq 
constant,  its  elastic  foi-ce  ia  doubled.  Let  ns  now  compul 
this  experiment  with  the  lust  one.  TAav  we  heated  a  ce 
tmn  amount  of  gas  from  0^  to  273°,  and  doubled  its  vo 
Time  by  eo  dobg,  the  double  volume  being  attained  whB 
jj  the  gas  lifted  a  weight  of  273  oza.  to  a  height  of  27 
I  incbca.  Mere  we  heal  the  same  amount  of  gas  from  0°  t< 
I  273°,  but  we  do  not  jieruiit  it  to  lift  any  weight,  Wi 
I  keep  its  \-olimie  constant.  The  quantity  of  matter  heatef 
in  both  cases  i^  tlie  same  ;  the  temjjeratwre  to  which  it  i 
heated  is  in  both  cises  the  same ;  but  are  the  absolui 
guantiCiea  of  heat  imparted  in  both  cases  the  same  ?  B 
no  means.  Snppiosing  that  to  r^use  the  temperature  of  tb 
gas,  whoso  volume  \&  kept  constant,  273",  10  grains  a 
eombuBtiblo  matter  arc  necessary ;  then  to  I'sise  the  tea 
[Wrature  of  the  gas  whose  preesure  is  kept  constant  M 
equal  number  of  degrees,  would  require  the  consmuptio 
of  14^  grains  of  the  same  combustible  matter.  714*  Am 
produced  by  the  comlnution  of  the  additional  4^  grainy  it 
the  latter  case,  ia  entirely  commmed  i't  liflinif  the  tB^h 
Using  the  accorato  nmnbcrs,  the  quanUty  of  heat  appliei 
when  the  volume  is  constant,  is  to  llie  quantity  appltei 
when  the  pressure  ia  constant,  in  the  proportion  of 


This  extremely  important   fact  constitntes  the  has 
from  which  the  mechanical  eqiiivalcnt  of  heat  was  firrt  ca 
culaled.-    And  here  we  haie  readied  a  jioinl  which  is  wo 
thy  of,  and  which  n-ill  demand,  your  entire  attention, 
will  endeavour  to  make  this  calculation  before  you. 

Let  c  (fig.  2ln)  b«j  a  cylindrical  vessel  with  a  base  on 
square  foot  in  arva.     Let  p  p  mark  the  upper  surface  of 
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c  foot  of  air  at  a  temperature  of  32''  Fahr.  The  height 
ll  bo  then  ouc  foot.  Let  tbo  air  bo  heated  till  this 
Tolilfbe  i3  doubled ;  to  efteet  this  it  must, 
8B  before  explained,  be  raided  273'  C,  or 
490°  F.  in  temperature ;  and,  wbcu  ex- 
panded, it8  upper  anrface  will  stand  at  P' 
p',  one  foot  above  its  initial  position.  But 
in  rising  from  p  p  to  p'  p'  it  has  forced 
back  the  atmosphere,  which  eserte  a  pres- 
snro  of  16  lbs.  on  every  square  inch  of  ita 
upper  Hurface ;  in  other  words,  it  has  liilod 
a  weight  of  144  X  15  ^  2,160  lbs.  to  a 
height  of  one  foot. 
i  *  capacity '  for  heat  of  the  air  thus  expanding  is 
;  water  being  unity.  The  weight  of  our  cubic  foot  of 
■  1*29  oz.,  hcace  the  qoantity  of  heat  required  to  raise 
E.  of  njr  490°  Fahr.  would  raise  a  little  less  than  onc- 
tli  of  that  weight  of  water  490".  The  exact  quantity 
r  water  equivalent  to  our  1-29  oz,  of  air  is  1-29  x  0-24  = 
^t  oz. 

It  0-31  0)!.  of  water,  heated  to  400'',  is  equal  to  162 

r  &t  Ihfl.  heated  l'.    Tlius  the  beat  imparted  to  our 

Ua  foot  of  air,  in  order  to  double  its  volume,  and  enable 

>  lift  a  weiglit  of  3,l(iO  lbs.  one  foot  high,  would  be 

tent  to  raise  BJ  lbs.  of  water  one  degree  in  tempera- 

e  air  has  here  been  heated  under  a  constant  prcaeure, 

e  leanicd,  that  the  (ptantity  of  beat  necessary  to 

\  toaperature  of  a  gas  imder  constant  pressure  it 

■iber  of  dcg^ec^  ia  to  tliat  required  to  raise  the 

i  temperatorc,  w/icn  tV.*  volume  is  kept  co«- 

I  the  proportion  of  1"42 :  l  ;  hence  we  liave  the 


1-42:  1  =  0-6:  0-7 
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which  sliows  that  the  quantity  of  heat  neoessary  to  aug- 
ment  the  temperature  of  onr  cabio  foot  of  air,  at  constant 
Tolnme,  490",  would  heat  6'7  lbs.  of  water  1°. 

Deductiog  0'7  lbs.  from  0-5  Iba.,  we  find  that  the  excess 
of  boat  imparted  to  tho  air,  in  the  case  where  it  U  permit- 
ted to  exi)and,  is  comi>etenl  to  raise  2'8  lbs.  of  water  1"  in 
temperature. 

As  explained  already,  this  cxceaa  is  employed  to  lift  tha 
weight  of  2,160  lbs.  one  foot  high.  Dividing  2,160  by  2-8, 
we  find  that  a  quantity  of  heat  sufficient  to  raise  one  pound 
of  water  1"  Fahr.  in  tomperatui-e,  ia  competent  to  raise  a 
weight  of  771-4  lbs.  a  foot  high. 

This  method  of  calculating  tho  mechanical  equivalent 
of  heat  was  followed  by  Dr.  Mayer,  a  physician  in  Heil- 
bron,  Germany,  in  tho  spring  of  1B42, 

M.iyer'a  first  paper  contmns  merely  an  indication  of  ths 
way  in  whieb  lie  had  foimd  the  equivalent ;  but  does  noK 
contain  the  calculation.  Tho  pajwr  was  evidently  a  kin4 
of  preliminary  note,  from  which  date  might  be  taken, 
it  were  enunciated  tho  convertibility  and  indeatnictibilitj 
of  force,  and  its  author  referred  to  the  mechanical  equir* 
lent  of  heat,  merely  in  niuatration  of  his  principles. 
tJua  first  paper  stood  alone,  Mayer's  relation  to  the  dynaiu! 
cal  theory  of  heat  would  bo  very  different  from  what  i 
now  is;  but  in  1845  he  published  an  Essay  on  Organic 
Motion,  which,  though  exception  might  bo  taken  to  it  hert 
and  thoro,  ia,  on  the  whole,  a  production  of  extraordtnarj 
merit.  This  was  followed  in  1848  by  an  Essay  on  '  CeleS 
tial  Dynamics,'  in  which,  with  remarkable  boldncen,  e 
city,  and  completeness,  ho  developed  tho  meteoric  theorj 
of  the  sun.  Taking  hira  all  m  all,  tho  right  of  Mayer  t> 
stand,  ,18  a  man  of  true  genius,  in  the  front  rank  of  thi 
founders  of  the  djiiamicnl  theory  of  Iicati  cannot  bo  di4 
pnted. 

On  August  21,  1843,  Mr.  Joule  conununicated  a  pape] 


JOCLE'8   EXPEEIMENT9. 


87 


5  the  British  Association,  then  meeting  at  Cork,  and  in  the 
if  J  part  of  Uiis  paper*  he  describes  a  scritB  of  experi- 
mtB  on  nUkgnctiMilcotricit}'',  executed  with  a  view  to  dc- 
ino  the  *  Djediamcal  value  of  heat.'  The  results  of  this 
Clmralo  investigaliou  gave  the  following  weights  nuscd 
I  foot  Iiiglt,  as  equivalent  to  the  wanning  of  1  lb.  of 
ter  I"  F»hr. 


1. 


80a  lbs. 
1001  „ 
1040   „ 


6.  1020  lbs. 


In  1B44  Mr.  Jonlo  deduced  from  experiments  on  the 
ndeDfiation  of  air,  ihe  following  equivoicata  to  1  lb.  of 
r  heated  1'"  Fabr.f 

823  foot  pounds 


760  „ 

An  the  exiiorlenco  of  the  experimenter  ineroascd,  we 
1  tliAt  the  eolncidcuce  of  liLt  results  becomes  closei*.  In 
B  Mr.  Joule  deduced  from  cxperiiueutB  with  water,  agi- 
Ited  by  a  paddle-wheel,  an  equivalent  of 
690  foot  poimds. 
SuiRiuing  up  hia  results  la  1845,  and  taking  the  menn, 
1  the  e<|uivalent  to  bo 

817  foot  pounds. 
Id  ISIt  he  found  the  moan  of  two  oxperinicnta  to  give 
ft  equivalent 

761'8  foot  pounds. 

•  HhU,  U(g.,  IMS,  vol.  uiii.  p.  430. 
t  Sut  KoM  (tl)  at  Uio  Hid  ot  tUI«  Looturu. 
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Finally,  in  1840,  appl^g  all  tlifi  procautJona  su^ested 
by  seven  yeare'  experience,  ho  obtained  the  foUowing  c 
Vers  for  the  uiechauical  eqaivaleut  of  heat : — 

772'SI)a,  Iknifriclionofnittpr,      ranui  of  40  cxpcrlmcnU 

77*-083 nien'ury,         „        M        „ 

7  74  ■087.         „  „      caM-lnjn.         „         20        „ 

For  rensoDS  assigned  in  his  paper,  Mi-.  Joule  fixes  ih* 
exact  eqiiivalent  of  heat  at 

7T2  foot  pounds. 
According  to  the  method  pursned  hy  Mayer,  iii  ie*2, 
the  ineohanicol  eqnivalent  of  heat  is 

7Jl'i  footpotrnds. 

Such  a  coincidence  relieves  the  minif  of  every  ehade  of" 
imeertfunty,  regarding  the  coi-rectncss  of  our  proeont  ma- 
ehanical  eqnivalent  of  heat. 

Do  I  refer  to  these  things  in  order  to  esalt  Mayci 
the  cxponso  of  Jotde  f    It  ia  fur  from  my  intentioa  to  do 
so.    The  man  who  throngh  long  yearn,  without  encour^;o 
mont,  and  in  the  face  of  difficultleti  ithich  might  veil  i 
deemed  insnrm  mm  table,  could  work  with  sudi  unswerria 
stead fofitnesH  of  piirjiose  to  bo  tnumpliaut  an  issue,  ia  bi 
from  depreciation.    And  it  h  not  the  experiments  a' 
but  the  spirit  which  they  incorporate,  and  the  ftpplicatiooi 
which  their  author  made  of  them,  that  entitle  Mr.  Joule  v 
a  place  in  the   foremost  rauk  of  physical  philosopfaon 
Mayer's  labours  have,  in  sonic  measure,  the  sl.-unp  of  a  pre 
found  intiiiljon,  which  rose,  howe^-er,  to  the  energy  of  nil 
doubting  conviolion  in  the  niithor'n  mind.    Joule's  laboun 
on  the  contrary,  are  an  experimental  demonstration, 
to  iho  speculative  instincts  of  hi«  coimlry,  May«r  i 
large  and  weighty  concluHiunti  from  slioidur  premises,  v 
the  Englidhnian  aimed,  above  all  things,  at  the  firm  estah 
liBliincnt  of  facte.     An<i  he  did  vFtahlisL  them.    The  futiin 
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Iirian  of  acienec  will  not,  I  tbiDk,  place  UiPss  men  iii 
gonism.  To  eatih  belongs  a  rcputatioo  wlJcb  will  not 
^ckly  tude,  for  ttiu  share  he  has  had,  not  only  in  estab- 
lishing the  dynamicai  theory  of  heat,  but  also  in  leading 
the  way  towards  a  right  apprccixtioa  of  the  general  energios 
|['0f  tlio  Doiverse. 

Let  ua  now  check  oiir  ooaclosion  regarding  iho  influence 
li  the  performance  of  work  ba^  on  the  qnantity  of  hcut 
^^  -«(Mnmiui!«ated  to  a  gas.  Is  it  not  possible  to  allow  a  ga.» 
to  vxpauil,  without  pcrformiiig  work  ?  This  question  is  an- 
HTrered  by  Iho  foUuwing  important  ciperiraeut,  which  was 
first  nuide  by  Gay  Lussao.  I  have  hero  two  copper  vessels, 
A,  11  (Gg.  22),  of  tho  same  size,  one  of  which,  a,  is  exhnust- 
i-d,  and  the  other,  b,  filled  with  atr.  I  torn  tho  oouk  c ; 
tht  air  nuhes  out  of  b  into  a,  until  the  same  pressore  exists 
ill  botli  vessels.  Now  the  air  in 
driving  its  own  particles  out  of  a 
perfonna  work,  and  experiments 
which  we  have  already  made  in- 
form TW,  that  tho  residue  of  air 
which  remains  in  n  must  bo  chill- 
ed. The  particles  of  aii-  enter  a 
with  a  ceilain  velocity,  to  generate 
which  the  heat  of  tho  air  in  b  has 
been  sacrificed ;  but  they  immedi- 
ately strike  against  tbo  interior 
Hiirfaoe  of  a,  their  motion  of  trans- 
llioa  it  annihilated,  and  the  exact  qoantity  of  heat  lost  by 
B  ofipcaun  in  a.  Mix  the  contents  of  A  and  n  togetlier,  and 
yon  havo  air  of  tlio  original  temperature.  There  is  no  work 
L  JMirfonnvd,  and  there  is  no  heat  lost.  3Ir.  Joulo  made  this 
HritnenC  by  compressing  twenty-two  atmospheres  of  air 
D  of  his  vessels,  while  tlie  other  was  oithauatcd.  On 
idiog  both  vcaods  by  water,  kept  properly  jigiiatod, 
latioD  of  tcmjuraturo  ^^  as  observed  iu  the  witter. 


n&M. 
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frhen  the  gas  vsis  allowed  to  stream  from  one  vcrael  ii 


tbe  otiier.*     lu  like 


sujijiosiug  the  top  of  Iho  cyln 


der  (tig.  20)  to  }h>  olottcd,  aitU  ttie  half  atiovo  the  pisl^a  | 
perfect  vacuuru ;  and  suppose  the  air  in  tlie  lower  half  to 
bo  heated  273",  it*  volume  being  kept  conHt:uit.  If  the 
pressure  were  removed,  the  air  would  cxpaud  and  fill  tits 
cylinder ;  the  lower  portion  of  the  column  would  there) 
bo  chilled,  but  the  upper  portion  would  be  heated,  t 
uuxiug  both  poriious  together,  we  should  have  the  who 
column  nt  a  tcinjicnitnre  of  273°,  In  this  case  we  raise  tl 
temperature  of  tlii-  giis  from  0°  to  273°,  and  at^Twards  i 
low  it  to  double  ils  volume ;  tlie  state  of  the  gns  at  ti 
vol  omen  ccniL'ut,  and  at  tlio  end,  b  Uie  same  an  when  t 
gas  cxpauda  against  a  constoDt  pressure,  or  litis  a  consta 
weight ;  bat  the  absolute  quantity  of  heal  in  the  latter  ca 
IN  l-i-2\  times  that  employed  in  the  former,  the  differea 
bciug  duo  to  tiic  fiict  that  the  gas,  in  the  one  case,  p 
forms  mcelianicil  work,  and  in  the  other  not. 

We  are  taught  by  thia  ex]>erimeiit  that  mere  rarefacti< 
is  not  of  itself  suflicient  to  produce  a  lowering  of  the  mei 
temjieralure  of  a  mass  of  air.  It  was,  and  is  still,  a  ourra 
notiou,  that,  the  mere  expansion  of  a  gas  produced  refrigi 
fttion,  no  inatlcr  how  that  expansion  was  effected.  "E 
coldness  of  the  liighor  atmospheric  regions  was  aocounb 
for  by  reforcncc  to  the  expansion  of  the  air.  It  w 
tiiought  that  what  we  have  called  the  '  capacity  for  hea 
was  greater  in  the  case  of  the  rarefied  than  of  the  u 
fied  gsm.  But  the  refrigeration  which  accompanies  c 
slon  is,  in  reality,  due  to  the  consumption  of  hAat  in  t 
performance  of  work  by  the  expanding  gTis.  Where  i 
work  ia  performed  there  is  no  absolute  refrigeration. 

All  this  needs  reflection  to  arrive  at  oleamcss,  but  erd 
elTort  of  this  kind  wtiich  you  make  will  render  your  Btit 

■  Plul.  Mng.  184B,  vol.  xivL  p,  878. 
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qnent  efibrts  eneicr,  nnd  ehonlil  you  fail,  at  present,  to  gain 
rlcimcss  of  comprctiension,  I  re[H>»t  my  recommpndalion 
of  p«itienc<e.  Do  not  quit  this  porlton  of  tlio  subjuct  wilh- 
out  an  oflbrt  to  coniprtlieud  it — wrestle  with  it  for  a  time, 
bnt  <Io  not  despair  if  you  fail  to  arrive  at  clearness. 

I  have  now  to  direct  your  attention  to  one  other  mtcr- 
«sting  fjtivstioD.  We  liavo  seen  the  clastic  force  of  oiir  gns 
ragnumted  by  an  locrense  of  temperature.  In  an  inflexible 
«Bi'td(i|>e  wc  have,  for  every  degree  of  Icinperattii'c,  a  cer- 
taia  detiuito  increment  of  elofitio  force,  due  to  the  augtucul- 
(d  energy  of  the  gaseoua  projectiles.  Reckoning  from  0'^ 
C.  Dpwards,  wo  find  Hint  every  degree  added  to  the  lem- 
poraturc  produces  an  augmentation  of  elastic  force,  equal 
to  ]4i^  *'*'  ti^t  which  the  gaa  possesses  at  0°,  and  hence, 
tliat  by  imparting-  2T3°  wo  doulile  the  elastic  force,  Sup- 
pCBtiog  the  same  law  to  hold  good  when  we  reckon  from  0° 
datcnvard» — iliac  for  every  degree  of  temperature  wit/i- 
^rtnen  from  the  gas  we  dimiiiish  its  elastic  force,  or  the 
motion  which  produces  it,  by  il^rd  of  what  it  possesses  at 
0°,  it  is  iiouifcdt  that  at  a  temperature  of  273"  Centigrade 
WIow  0"  we  should  ceaae  to  have  any  elastic  force  what' 
erer.  The  motion  to  which  the  elastic  force  is  due  must 
iiirc  vanifh,  and  we  reach  what  is  called  the  absolute  zero 
tff  tefMftnrat  ure. 
I  Ko  donbt^  practically,  every  gas  deviates  from  the 
tve  IttW  of  coutractiou  before  it  sinks  so  low,  and  it 
Bid  lieuoino  solid  before  reacbing — 2713"  C,  or  the  abeo- 
I  lero.  l"hjfl  is  considerably  below  any  temperature 
1  wii  have  as  yet  been  able  to  obtain. 
[  will  not  Hubjeet  yoiir  minds  to  any  further  strain  in 
1  witli  this  subject  to-day,  but  will  now  pasa  on 
Illustrate  expetimentaUy  the  expansion  of  liiiuids  by 

e  if)  a  Florence  fl-isk  lilled  with  alcohol,  and  tightly 
;  tbrouglt  the  cork  a  tube,  ('  (fig.  23),  passes  watei- 
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tight,  and  the  liquid  rUcs  a  foot  or  so  in  tbla  tnbe. 
heat  this  flask,  Uic  alcohol  nnll  expand,  and  it  wiU  rise  i 
tho  tiibo.    Bui  I  wish  you  to  see  it  risiug,  aiid  to  e 
you  to  do  BO  I  will  place  the  tube  1 1'  in  front  of  the  e 
trie  lamp  E,  and  eeud  a  strong  beam  of  tight  acrosa  h,  I 


M 


the  place  (',  whero  the  liquid  column  ends;  I  thns  iUw 
natif  tile  tube  and  column.  In  front  of  tho  tnbe  I  place  ti 
Ions  L,  and  arrange  iia  distance  go  that  it  shall  cast « 
larged  image  i  /,  of  the  column  npon  tlie  scroeii.  You  na 
see  dearly  where  the  colamn  ends  ;  yon  see  this  quivoTt 
of  tho  top  of  the  column,  and  if  it  mores,  you  will  be  a' 
to  BOO  its  motion.    I  nnw  fill  this  beaker,  n.  with  hot  n 


ter,  nsd  I  will  nase  th«  beiiker  eo  that  die  hot  water  Bhall 
nuromid  the  Florcribe  flask.  It  is  needless  to  say  that  the 
image  upon  the  screen  ia  inverted,  and  that  when  the  litjoid 
expands,  the  lop  of  the  colnmn  will  descend  alotig  the 
wreen.  Observe  tlie  experiment  from  the  commencciuont ; 
ihe  flask  is  uow  in  the  hot  water,  and  the  head  of  oar  col- 
tniD  <uaxi»iis,  as  if  the  li<|Did  contracted.  Now  it  stops 
uul  Domuiencea  to  descend,  and  it  will  continue  to  do  so 

P~— — wentiy.    But  why  the  first  ascent  ?    It  ia  not  due  to 
ntmcCioD  of  the  Iit|iiid,  but  to  the  momentary  expnn- 
f  tie  Jtatk,  to  which  the  heat  is  first  conrnimucated. 
lass  expands  before  the  heat  can  fairly  reach  the 
nnd  hence  the  column  falls ;  but  »oon  the  expansion 
I  liquid  exceeds  that  of  the  glass,  and  the  colmnn 
^m.    Two  things  are  here  illaatrated ;  the  expansion  of 
't  m>Ui]  glatM  by  heat,  and  the  fact  that  the  observed  dila- 
'iija  of  the  liipiJd  does  not  give  us  its  true  augmentation 
It'  volume,  but  only  the  diScrencc  of  dilatation  between 
^^Iw  glass  aad  it. 

^B  I  liave  here  another  flask  filled  with  water,  exactly 
[•  Anilnr  in  site  to  tlic  former,  and  furnished  with  a  similar 
tnlA.*.  I  plai'e  it  in  the  same  position,  and  repeat  with  it 
ihi-  I'xperimL'nt  made  with  the  lUoohoI.  Tou  see,  th'st  of  all, 
till-  traRMtory  efiect  due  to  the  expansion  of  the  glass,  and 
tflervartlti,  the  permanent  expansion  of  the  liquid  ;  but  you 
on  ob#«rvc  tliat  the  latter  proceeds  much  more  slowly  than 
in  tbo  ca*«  of  alcohol ;  the  alcohol  expands  more  speedily 
ihaB  the  water.  Now  we  might  go  over  a  hundred  liquids 
b  tbu  way,  and  find  them  all  expanding  by  heat,  and  we 
nii(^  thns  bo  led  to  conclndo  that  expansion  by  heat  ia  a 
bw  wilhoot  cxcqition ;  but  we  should  err  in  tins  oonclti- 
wn.  And  it  is  ri'ally  to  illustrate  an  exception  of  this  kind 
dial  I  luive  introduiicd  this  flask  of  water.  I  will  coo!  tho 
Haik  by  planing  it  into  a  snbstnnco  somewhat  colder  than 
iraler,  when  it  first  frwzcs.    This  substance  I  obtain  hy 
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mixing  pounded  ico  with  ealt.  Ton  see  the  column  gradu- 
ally (jinking,  the  heat  is  being  given  xfp  to  the  freezing  mii- 
ture,  and  the  water  contracts.  TIub  contraction  is  now  very 
bIotv,  and  now  it  Gtops  altogether.  A  elight  motion  com- 
mences in  the  opposite  direction,  and  now  the  Uquid  u  vis- 
ibly expanding.  I  stir  the  freeang  mixture,  so  as  to  brbg 
colder  portions  of  it  into  contact  with  the  flask  ;  tlie  colder 
the  mixture  the  quicker  is  the  expansion.  Here  then  ve 
have  Nature  stopping  \q  her  ordinary  course,  and  reversing 
her  ordinary  habits.  The  fact  is,  that  the  water  goes  on 
contracting  till  it  reacbea  a  temperature  of  39°  E>ihr.,  or  4° 
Cent.,  at  which  point  the  eontmction  cosises.  This  is  the 
60-c,illed  point  of  masiraimi  density  of  the  water ;  from 
thia  downwards,  to  its  freezing  point,  the  liquid  ex])ands  ; 
and  when  it  is  coaverted  into  ice,  the  expansion  is  large 
and  sudden.  Ice,  we  know,  swims  upon  water,  heing 
lightened  by  this  expansion.  If  I  now  apply  heat,  the 
series  of  changes  are  reversed:  the  cohimii  descentte,  Bhow- 
ing  tlie  conlractioii  o/tlie  ligytcl  Sy  ^eat.  After  a  time  the 
contraction  ceases,  and  permanent  expansion  sets  in. 

The  force  with  which  these  molecular  changes  are 
effected  is  all  but  irresistible.  The  changes  uanally  occnr 
under  conditions  which  allow  us  no  opportunity  of  observing 
tlie  energy  involved  in  tbeir  accomplishment.  But  to  give 
you  an  example  of  this  energy,  I  have  confined  a  quantity 
of  water  in  this  iron  bottle.  The  iron  ia  fully  half  an  inch 
tliick,  and  the  quantity  of  water  is  small,  though  sufficient 
to  fill  the  bottle.  The  bottle  is  closed  by  a  screw  firmly 
fixed  in  its  neck.  I  liave  here  a  second  bottle  of  the  same 
kind,  and  prepared  in  a  similar  manner.  Both  of  them  1 
place  in  thia  copper  vessel,  and  surround  them  with  a  frees 
ing  mixture.  They  cool  gradually,  the  water  within  ap 
preaches  its  point  of  maximum  density ;  no  doubt,  at  thi 
moment,  the  water  does  not  quite  fill  the  bottle,  a  soul 
vacuous  space  exists  within.     But  soon  the  contractioi 
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1^  tmd  expanson  BOts  in ;  tbe  vacuous  space  is  slowly 

L  the  vater  gradually  cUanges  from  liquid  to  nolid ;  in 

[  so  it  Toqtiircs  more  room,  which  the  rigid  iron  ic- 

l  to  graat.     But  its  rigidity  is  powerlcNs  in  tho  pres- 

'fit  tiie  iitoniic  forces.     These  atoma  are  gianta  in  dis- 

a  hear  that  sound ;  the  botlle  is  shivered  by  the 

ing  molecuIi.>s — there  goes  the  other  ;  and  here  are 

itfi  of  the  vessels,  which  show  their  tliickneHS, 

i  yon  with  tlie  might  of  that  energy  by  which 

a  have  now  no  difficulty  in  nnderstanding  the  effect 

Wtly  weather  upon  the  water  pipes  of  your  houses.     I 

e  a  number  of  pieces  of  such  pipes,  all  rent.    Tou 

6  firdt  sensible  of  the  damage  when  the  thaw  eets  in, 

0  BUMsliief  ia  really  done  at  the  time  of  freezing ;  the 

uipcs  are  tiicn  rent,  and  through  the  rente  the  water  cs- 

iv's,  when  the  solid  within  is  liqucfiGd. 

It  ia  hardly  neccssiiiy  Ibr  me  to  say  a  word  on  the  im- 

jiortaace  of  thia  property  of  water  in  the  economy  of  na- 

lurp.    Suppose  a  lake  exposed  to  a  clear  wintry  sky ;  tho 

soiwrficial  water  is  chilled,  contracts,  becomes  thus  heavier, 

aaj  sinks  by  ita  superior  weight,  its  place  being  auppUcd 

hy  thu  lighter  water  from  below.    lu  time  this  !s  chilled, 

Mid  sinks  in  lum.    Thua  a  circidation  is  cstablialied,  the 

■   il,  dense  water  descending,  and  the  lighter  and  warmer 

iT  rising  to  the  top.     Supposing  this  to  continne,  even 

r  the  first  pellides  of  ice  were  formed  at  the  surfaeo ; 

I  would  sink  as  it  was  formed,t,and  the  process 

kl  cjlitulcn,  on  iiich  in  ihiiJoiOM.  are  unable  to  resist  tlic  i1ccoir> 
te  of  ft  nnitll  g^Tonio  Iwltcrj.  U.  GaaMlC  has  burst  m.iny  bucIi 
7  elMiln)1ytI(<  )pia. 

t  WnUora  Ttomwm  bna  rcccnilj'  raUod  a  point  wliich  licsorrcs 

n  of  theoretic  g*ologi«i :  Supposing  iho  cooaHiuBnt* 

eontrtut  on  soIiiiWillig,  an  Ibo  MpprimetiW  thiin  far 

I,  a  bnaking  In,  nnil  linking  uf  tlio  cruiit  wunlil  assurpillj 
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would  not  ccara  tmttl  tLe  entire  water  of  tlio  lake  wotild  be 
BoliiMed.  Dc.tli  to  every  living  thing  in  tlie  water  would 
be  the  consequence.  But  just  when  matters  become  critica' 
Nature  steps  aside  from  her  ordiniuy  proceeding,  caua 
the  water  to  espand  by  cooling,  and  the  cold  water  ew' 
like  a  scum  on  the  surface  of  the  wanner  water  undfl| 
neath.  SolidiScattoit  ensues,  but  the  solid  is  much  light 
than  the  nubjacent  liquid,  and  the  ice  forms  a  protect 
roof  over  the  living  things  below. 

Sueh  facts  naturally  and  rightly  excite  the  emotioM 
indeed,  the  relations  of  life  to  the  conditions  of  life- 
general  adaptadon  of  means  to  ends  in  Nature,  excite,  in^ 
the  profonndest  degree,  the  interest  of  the  philosopher. 
But  in  dealing  with  natnrol  phenomena,  the  feelings  must 
bo  carefully  watched.     Tlicy  often  lead  us  unoonsciously 
to  overstep  the  bounds  of  fact.    Thus,  I  have  heard  tbni  J 
wonderful  property  of  water  referred  to  aa  an  irresistibln 
proof  of  design,  unique  of  its  kind,  and  suggestive  of  puTB* 
benevolence,    '  Why,'  it  is  urged, '  should  this  case  of  wa- 
ter stand  out  isolated,  if  not  for  the  purpose  of  protecting 
Nature  ogfunst  herself? '    The*  fact,  howe\-er,  is,  that  the 
case  is  not  an  isolated  one.    You  see  this  iron  bottle,  rent 
from  neck  to  bottom ;  1  break  it  with  this  hammer,  and 
you  see  a  core  of  metal  within.    This  is  the  metal  bismuth, 
which,  when  it  was  in  a  molten  condition,  I  poured  into 
tills  bottle,  and  closed  the  bottle  by  a  screw,  exactly  as  in 
tlie  case  of  the  water.      The  mct.il  cooled,  solidified,  ex- 
panded, and  the  force  of  its  expansion  was  snificient  to^ 
burst  the  bottle.    There  are  no  fish  here  to  be  saved,  e 
the  molten  bismuth  acts  exactly  as  the  water  acts. 
for  all,  I  wonld  say  that  the  natural  philosopher,  as 


follow  its  fiinnotion.  Cniler  tlieao  circiiraBlancce,  it  is  oilrMiiclj  d 
to  coDCoivi?  ilint  a  ioUd  eliell  flhuald  he  rormeil,  lu  is  gcnenJI;  a 
rouiid  a  liquid  hqcIous. 
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baa  nothing  to  do  with  purposes  and  designs.  Ilis  voca- 
tion is  to  etniuire  what  Niilure  is,  not  wAy  she  is  ;  thongh 
,  like  others,  and  lie,  more  than  others,  mtut  stand  at 
(  nipt  in  wouder  at  the  myster}'  in  which  he  dwells, 
I  towards  the  final  solution  of  which  his  studies  furnish 
S  with  no  clue. 
L  Wc  iDOSt  now  pass  on  to  the  expansion  of  solid  bodies, 
I  bent,  nnd  I  wiJl  illustrute  it  in  this  way  :  I  havo  here 
)  wooden  stands,  a  and  u  (Gg.  24),  with  plates  of  liras^, 
mp',  liveted  against  them.  I  hold  in  my  hand  two  hara 
Fcqual  length,  one  of  brass,  the  other  of  iron,  and  those, 
VyOB  observe,  are  not  sufiicicntly  long  to  stretch  from 


Ho  stand.  I  will  support  thorn  on  two  litllc  jtrojpc- 
Aof  wood  attached  to  ibe  stand  atp  and;/.  I  connect 
«  of  llifl  pliitcM  of  brusB,  />,  with  one  pole  of  a  small  toI- 
c  baUiTy,  ri,  and  from  the  other,  p\  a  wire  proceeds  to 
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the  littlo  instrument  c,  irliich  you  see  in  froBt  of  the  tal>1e 
and  again  from  tliat  instnunent  a  ivire  returns  direct  to  tT 
other  pole  of  the  battery.  The  iustntment  iu  front  co 
Bists  merely  of  an  arrangement  to  support  a  siiiraj  cof  pll 
tinum  wire,  which  will  glow  with  a  pure  white  light  wl« 
the  current  from  d  pfiBscs  through  it.  At  the  present  m 
ment  the  only  break  in  the  circuit  is  due  to  the  insufiiciet 
length  of  the  bars  of  brass  and  iron  to  bridge  the  space  froi 
stand  to  stand.  Underneath  the  bars  is  a  row  of  gas  jeti 
which  I  will  now  ignite ;  the  bars  are  heated,  the  me 
expand,  and  I  expect  that  in  a  few  minutes  they  ■■ 
stretch  quite  across  from  plate  to  plate ;  when  this  occun 
the  current  will  pass,  and  the  fact  of  the  gap  being  bridgl 
will  be  declared  by  the  sudden  glowing  of  the  pktinoj 
spiral.  It  is  still  non-luminous,  the  bridge  is  not  yet  c 
plete ;  but  now  it  brightens  up,  showing  that  one,  or  botb 
of  these  bars  have  expanded  so  as  to  stretcli  quite  aoroi 
from  stand  to  stand.  Which  of  the  bars  is  it  ?  I  remo 
tho  iron,  but  the  platinum  still  glows :  I  restore  the  iro 
and  remove  the  brass ;  the  light  disappears.  It  was  t 
braes  that  bridged  the  gap.  So  that  we  have  here  an  illi) 
tration,  not  only  of  the  general  fact  of  Expansion,  but  all 
of  the  fact  that  different  bodies  expand  in  different  degree 
The  expansion  of  both  brass  and  iron  is  very  small :  ai 
various  inatnuncnts  have  been  devised  to  measure  tlie  e 
pansion.  Such  instruments  go  imder  tho  general  name  o 
pyrometers.  But  I  have  hero  a  means  of  multiplying  t' 
cffiict,  far  more  powerful  than  the  ordinary  pyrometfl 
Here  is  a  solid  upright  bar  of  iron  two  feet  long,  and  oo 
mirror  connected  with  the  top  of  the  bar  I  throw  a  b 
of  light  from  the  electric  lamp,  which  beam  is  reflected  i 
the  upper  part  of  the  wall.  If  the  bar  sliorten,  tho  mirr 
will  turn  in  one  direction :  if  it  lengthen,  tho  mirror  w 
turn  iu  tho  opposite  direction.  Every  movement  of  ti 
miiTor,  however  elight,  is  multiplied  by  this  long  index  a 
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H^i ;  whidi,  besides  its  lengtli,  has  tho  advantage  of  mov- 
ing with  twice  the  angular  Telocity  of  the  mirror.  Even 
ihe  bri'ath,  projeetfld  against  this  inassivij  bar  of  iron,  pro- 
duces a  sunaible  motion  of  the  beam ;  and  if  I  warm  it  for 
a  moment  with  the  Same  of  a  epirit-lamp,  the  luminous  in- 
dex will  travel  downwards,  the  patch  of  light  upon  tin; 
wail  rnoviBg  through  a  epace  of  fiiU  thirty  feet,  I  witli- 
dmw  llic  lamp,  and  allow  the  bar  to  cool ;  it  coutractfl,  and 
iIm;  pstch  of  liglit  reascends  tlie  wall :  I  hasten  the  con- 
tractioa  by  throwing  a  little  alcohol  on  the  bar  of  iron,  the 
light  moves  more  speedily  upwards,  and  now  it  occupies  a 
pbce  near  the  ceiling,  as  at  the  commeuccnient  of  the  es- 
poriment.* 

I  have  stated  that  different  bodies  possess  different 
powern  of  expansion  ;f  that  brass,  for  examplo,  expands 
uioD!,  on  being  heated,  tlian  iron.  Here  are  two  mlcrs, 
OBo  of  brass  and  Ihe  other  of  iron,  riveted  together  so  as 
to  fomi,  at  lliis  temperature,  a  straight  compound  ruler. 
Bat  if  the  temperature  be  changed,  the  ruler  is  no  longer 
Ktraight.  I  heat  it,  it  bends  in  one  direction ;  I  cool  it,  it 
bmds  in  the  opposite  direction.  When  boated,  the  brass 
expitails  most,  and  forms  the  convex  fiide  of  the  curved 
mler.  \Vlien  cooled,  the  brass  contrncts  most,  and  forms 
the  concave  side  of  tho  ruler.  Facta  like  these  must,  of 
eoarpc,  be  taken  into  account,  in  stracturos  where  it  is  ne- 
oonary  to  avoid  dintortion.  The  forco  with  whicli  bodies 
expand  when  heated,  la  qiuto  irresistible  by  any  mechaniciil 
■ppOancea  that  wo  can  malce  use  of.  All  these  molecular 
forces,  thongh  operating  in  such  minute  spaces,  aro  almost 
isGnito  in  energy.    Tho  contractile  force  of  coohng  haa 

thf  pi«*  of  «[>pnr»ttis  with  whirh  llii?  Mppiimpnt  wna  made  is  In- 
"  tar  a  lotollj  dilTcrciit  purpMe.    I  lliorefore  iwlioato  its  principle 
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f  1W  WcniritnA*  or  t'tpunnion  of  a  few  well-kcoini  subalarceB  sro 
'  ffm  ta  Iho  AppenOIx  to  thLi  Lucturc. 
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been  applied  by  cngineerB  to  draw  loaning  walla  into  ■ 
upright  position.     If  a  body  lio  brittle,  the  heating  of  c 
poi'tion  of  it,  produwng  expansion,  may  bo  press  or  strain  " 
luiotber  portion,  as  to  produce  fracture.     Hot  water  ponred 
into  a  glass  often  cracks  it,  through  the  sudden  expansion 
of  the  interior.    It  may  also  be  cracked  by  the  coutracUoQ. 
produced  by  intense  cold. 

I  have  here  some  flasks  of  very  thick  glass,  wldch,  wht 
blown,  were  allowed  to  cool  quickly.  The  external  po 
lioDS  become  first  chilled  and  rigid.  The  internal  porliia 
cooled  more  gradually,  but  they  found  tbemselTes,  c 
cooling,  surrounded,  as  it  were,  by  a  rigid  shell,  on  whi^ 
they  exerted  the  powerful  strain  of  their  contraction, 
consequence  is,  that  the  superficial  portions  of  these  flaak) 
are  in  such  a  state  of  tension  diat  the  slightest  scratch  pro 
duces  rupture.  I  throw  into  this  glass  a  grain  of  quartSJ 
the  mere  dropping  of  the  little  bit  of  IiavJ  quartji  into  U 
flask  causes  the  bottom  to  fly  out  of  it.  Here,  also,  I  b* 
those  Bo^;allcd  Rupert  drops,  or  Dutch  tears,  produoeij 
by  glaaa  being  fused  to  drops,  which  are  suddenly  cooieif 
The  external  rigid  shell  luis  to  bear  the  strain  of  the  ii 
contraction  ;  but  the  etnun  is  distributed  bo  equally  all  over  ' 
the  surface,  that  no  part  gives  way.  But  by  winply  break- 
ing this  filament  of  glass,  which  ibrms  the  tail  of  the  drop, 
the  solid  mass  is  instantly  redriced  to  powder.  I  dip  t' 
drop  into  a  small  flask  filled  ^\itli  water,  and  break  the  tt 
of  the  drop  outside  the  flask ;  tho  drop  ia  shivered  i 
such  force  that  the  shock,  transferred  through  the  water,  | 
sufltciont  to  break  the  bottle  in  pieces. 

A  very  curions  elTect  of  expansion  was  observed,  s 
explained,  some  years  ago  by  the  Reverend  Canon  Mose^ 
Tlie  choir  of  Bristol  Cathedral  was  covered  wilh  sheet  loa 
tliG  length  of  the  covering  being  00  feet,  and  its  depth  i 
feet  4  inches.    It  had  been  laid  on  in  the  year  1861,  i 
two  years  afterwards — viit.,  in  1853 — it  had  moved  bofj 
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down  for  n  distance  of  eighteen  inches.  The  descent  had 
bbcn  continually  going  on  from  the  lime  the  lead  had  been 
hid  do«m,  and  an  ntteJnpt  made  to  stop  it  by  driving  naih 
into  the  rafters  had  fiiUed ;  for  the  force  with  nhich  the 
lead  descended  was  suiBcieut  to  tlraw  out  the  nails.  The 
B  not  a  steep  one,  and  the  lead  would  have  rested 
rit  for  ever,  without  elidinff  down  by  gravity.  What, 
,  was  the  cause  of  the  descent?  Simply  this.  The 
1  WM  Mposed  to  the  varying  temperatures  of  day  and 
Otiring  the  day  the  heat  imparted  to  it  oanaed  it  to 
Had  it  lain  upon  a  horizontal  surface,  it  would 

0  expanded  equally  all  round,  but  as  it  lay  upon  an  in- 
1  nirGico,  it  expanded  more  freely  downwards  than 

When,  on  the  contrary,  the  lead  contracted  at 
^t,  its  upper  edge  was  drawn  more  easily  downwaids 

1  its  lower  edge  upwards.    Its  motion  was  therefore 
f  that  of  a  common  earthworm  ;  it  pushed  its  lower 

I  forward  duriDg  the  day,  and  drew  its  upper  edge 

r  H  during  the  night,  and  thus  by  degrees  it  crawled 

nigh  a  epaee  of  eighteen  inches  in  two  yeiira.     Every 

1  ohAUge  of  temperature  during  the  day  and  during  the 

111  contributed  also  to  the  reaidt ;  indeed  Canon  Mosely 

fi  found  the  main  effect  to  be  duo  to  these  quicker 

lations  of  temperature. 

Bi>'ot  only  do  different  bodies  expand  differently  by  heat, 

t  the  same  body  may  expand  differently  in  different  di- 

In  crj-stals  the  atoms  are  laid  together  according 

hw,  tud  Along  some  lines  they  aro  more  closely  packed 

than  nlong  otherw.    It  is  also  likely  that  the  atoms  of  many 

crjstalliDC  bodies  oscillate  more  freely  and  widely  in  some 

^^facctioDS  than  in  others.    The  consequence  of  this  would 

^^k^vn  unequal   expansion  by  heat  in  different  directions. 

^^^^  erj-MtU  1  hold  in  my  hood  (Iceland  epar)  has  been 

^^^fcfod  by  Profiissor  Milschcrlich  to  expand  more  along  its 

OyMtQogrepluv  axio  thau  in  any  other  direction.     Kay, 
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while  tie  crystal  expands  as  a  whole — that  is  to  say",  v 
its  volume  is  angnitntoil  by  heat — it  actaally  contracts  ii 
direction  at  right  angles  to  the  crjBtallographic  axis.  Man; 
other  ciystals  also  expand  differently  in  (Ufferent  direction? 
and,  I  doabt  not,  most  organic  etructuree  would,  if  exac 
ined,  exhibit  the  same  fa<;t. 

Natuie  ia  full  of  anomalies  wlueh  no  foresight  can  pr< 
diet,  and  which  esperimeot  alone  can  reveal.  From  I 
deportment  of  a  vast  number  of  bodies,  we  shoold  be  lai 
to  conclude  that  heat  always  prodnccs  expansion,  and  thi 
cold  always  prodncea  contraction.  But  water  steps  in,  an 
bismntb  steps  in  to  qualify  this  concluBion.  If  a  metal  \ 
compressed,  heat  is  developed :  but  if  a  metal  wiro  I 
stretched,  cold  is  developed.  Mr.  Joule  and  others  bava 
worked  at  this  subject,  aud  fonud  the  above  fact  all  I 
general. 

One  striking  exception  to  this  rule  (I  have  no  dont 
there  are  many  others)  has  been  known  for  a  great  ntnnbc 
of  years ;  and  I  will  now  Ulustrat«  this  exception  by  an  ei 
periment.  My  assistant  will  hand  me  a  sheet  of  Indii 
rubber,  which  I  bare  plaued  in  the  ncjrt  room  to  keep  i 
quite  cold.  From  this  sheet  I  cut  a  strip  three  inches  loiq 
and  an  inob  and  a  half  wide ;  I  turn  my  thermo-electric  pU 
upon  its  back,  and  upon  its  exposed  face  I  lay  this  piece  o 
India-rubber.  From  the  deflection  of  tfie  needle,  you  M 
that  that  piece  of  rubber  is  cold.  I  now  lay  hold  of  tl 
ends  of  the  strip,  suddenly  stretch  it,  and  press  it,  whU 
stretched,  on  the  face  of  the  pile.  See  tlic  effect  I  "~" 
needle  moves  with  energy,  and  showing  that  the  etretA 
rubber  has  heated  the  pile. 

But  one  deviation  from  a  rule  always  carries  other  d 
viatioas  in  its  train.  In  the  physical  world,  ns  in  the  mora 
acts  are  never  isolated.  Thus  with  regard  to  our  Indl 
rubber ;  its  deviation  from  the  rulo  referred  to  is  only  pa 
of  a  scries  of  deviations.    In  many  of  Ids  iuTealigatioa 
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Mr.  Joule  baa  bc«a  SBEociated 
p^  witb  an  eminent  natural  pliilos- 
o]>hei' — ProfoBsor  William  Tbomr 
son — aud  when  Mr.  Thomson  was 
made  aware  of  ihe  deriation  of 
India-rubber  from  an  almost  geu- 
vral  rule,  ho  ttnggcetod  that  the 
stretched  India  -  rubber  might 
sfMrten,  on  being  hcnlcd.  Tho 
I»«t  was  applied  by  Mr.  Joule, 
and  the  shortening  was  found  to 
take  place.  This  Angular  exper- 
iment, tbrawn  into  a  euilablo 
form,  I  will  now  perform  beforo 
you. 

I  fasten  to  this  arm,  a  a  (fig. 
25),  a  length  of  conmion  Tulcan- 
lEcd  India-rubber  tubing,  and 
Btrctch  it  by  a  weight,  W,  of  ttn 
pounds,  to  about  ttirec  times  its 
former  length.  Uere  is  an  index, 
i  i,  formed  first  of  a  piece  of 
light  wood  moving  freely  on  ti 
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pivot,  and  prolonged  by  a  etont  straight  straw.  At  the 
of  the  straw  I  place  a  gpeiir-sbaiK?>l  piece  of  paper,  whi( 
c.in  range  over  tile  gi'adiiated  circle  drawii  on  this  blac^ 
board.  The  index  U  now  pressed  down  by  a  i>rojectioD 
which  I  have  attached  to  the  weight ;  but  if  tha  weight 
slioald  be  lifted  by  the  contraction  of  the  ludia-rnbber,  tlio 
lover  will  follow  it,  being  drawn  after  it  by  a  spring,  a  «, 
wliich  acts  upon  the  short  arm  of  the  index.  The  India- 
rubber  tube,  yon  observe,  passes  through  a  sheet  iroi 
chinmey,  c,  throngh  wliich  I  will  now  allow  a  cmrcnt  o£| 
hot  air  to  as6ond  from  this  lamp  i_  Ton  see  the  effect' 
the  index  rises,  showing  that  the  rubber  contracts,  and  hfi 
continuing  to  apply  the  heat  for  a  minute  or  so,  I  caose  the 
end  of  my  index  to  describe  an  arc  fully  three  feet  long. 
I  withdraw  the  lamp,  and  aa  the  Indiar-rabber  retnrns  to  its 
former  temperature,  it  lengthens ;  the  index  moves  dowii^ 
wards,  and  now  it  rests  even  below  the  position  which 
first  occupied. 


I 
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(4)  It  is  not  dilGculC  to  determine  the  average  TCloeilios  nith  wbli 
llie  partidea  of  various  gaeoa  move,  according  to'lhe  hjipolliBsU  of  U 
laUon.    Taking,  Tar  example,  a  gaa  it  tbe  pressure  of  au  atioospliere,  d 
of  15  lbs.  per  Bfiiurc  inah,  and  placing  it  in  n  icaeel  a  cntdc  inch  il 
and  sbapc;  from  ihc  wrlgbt  of  the  gas  we  can  ralculal«  tlie  irelovUy  « 
which  >l3  partjdca  must  strike  each  aide  of  the  vcMcl  in  ordtx  tu 
act «  pressure  of  13  Ibi.    It  is  mBniTcst  at  the  outset,  that  the  lighter  tl 
gas  is,  the  grculcr  miut  he  lu  rclocitj  to  produeo  tlie  required  cObot 
Accorliiiig  to  Glauxius  (Pliil.  Mag.,  18111,  vol  ur,  p.  IS4),  the  followi 
arc  the  arorogc  velodliu  of  the  atoms  of  oijgcn  Ditrogen,  and  li;d 
at  the  temperature  of  meldng  Ice : — 

OiTecB  .......  yiu  tcot  p 

NHwgon           .          .           .    ^     .           .          .    iMt    - 
IIjOrugeB tfiX    " 

lu  ISIS,  Mr.  Joule  found  tlio  iclocitf  of  hyilrogoi  aloais  to  be  tfiU  A 

per  sjuconiL 
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(S)  tt  h  a  Teiy  remarkalilc  tail  tugnificant  Tact  Ihst  nil  pcnuaiu^at 
gua  ibouU  eipuul  b;  >baost  gireciself  the  sitae  umoitDl  far  every  ile^rcc 
•Aibd  to  ihdr  tcwperaWra.  We  can  doluco  from  this  with  extreme  piiib. 
■bilhj  llic  important  cmiclaaSon,  Ibut  where  hcgt  enus^  ■  giu  in  cipunrl, 
lb*  liisk  it  perfonns  tjonaiaia  eolel;  in  oTcrcotiuDg  tho  constant  preBaore 
fnxa  widinol — lliot,  in  otlier  wordi,  tlie  beat  ia  not  mleTfered  witb  bjr  tbo 
tiBlinl  attraction  of  (lie  gusfODS  motetiilvs.  Fur  if  this  wptc  thu  ciue,  no 
AmM  bare  ever?  reason  to  txpcci,  in  the  onse  of  dlBbtvDt  gucs,  tho 
MiDe  itngularitiu  of  cipftuaioit  which  we  obaene  in  Uqulda  and  BoUita.  I 
•lid  Eotenfjoiull;  'bja/mott  precisel;  the  some  amount,'  for  man;  guses 
dudi  «e  pmnanail  M  all  ocdioar;  tempeniturea  deviate  slightly  from  the 
ndt    Thii  will  bo  aeva  trom  the  roUownig  table : — 


Iljdn^ll 


Wf  Dm  tTdmgen,  nlr.  nnd  catbomc  oKide  agree  very  cloaely;  alUl  (hero 
^Blft  iC^t  iDSamcc,  the  coefficient  for  hjdrogcti  being  the  leset,  Wc  re- 
Ki^nk  in  (he  othet  cases  a  greater  deriation  Tram  the  rule ;  and  it  Li  par- 
HhImIj  nudoeable  that  the  gases  which  deriato  most  arc  thoae  whieh  oro 
111  mil  ttidr  point  of  liqucliicUon,  The  Gnt  three  gases  in  the  table 
Mnr  t«TB  beun  UnneEed,  aS  the  othera  hsTe.  Thej  arc,  in  fact,  hm/mt- 
fitt  p(iM,  occupying  a  khid  of  intcnnediato  place  between  the  liquid  anil 
the  pcrinrt  i^eomi  atnte. 

(«>  FVum  the  poMoge  of  water  through  unrrow  (ubes,  Hr.  Joule  de- 
tead  tn  equivalent  of 
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FUETHEE  BEMiKKB  OS  DU^TATION. 

It  is  not  tritlun  the  ncope  of  these  lectures  to  dvell  in  detal 
on  all  the  phenomcua  of  cxpaiisiou  by  beat ;  but  fur  tbo  eoke  o 
nij  yoong  readers,  I  nill  eupplcmcnt  thia  lecture  bf  a  tbw  atidl« 
tional  remarks. 

The  linear,  snpci'fldal,  or  cubic  cooffidcDt  of  uiqiniuion,  is  t] 
fractiou  of  a  body's  length,  surface,  or  volume,  which  it  espood 
on  being  heated  one  degree. 

Supposing  one  of  the  ddes  of  a  Bqaare  plate  of  mctui,  wile 
length  ia  1,  to  expand,  on  being  heated  one  degree,  by  the  qnanlS 
ty  a;  then  the  aide  of  the  new  Bquare  ia  1  +  a,  and  its  nreiiia 

l-H  &(  +  a\ 
la  the  case  of  espanslon  by  lieat,  the  quantity  a  is  bo  Email,  thi 
its  square  is  almost  insensible ;  the  square  of  a  small  fraction  i 
of  cciutse,  greatly  lesa  than  the  fraction  itsolt  Hence  witboi 
sensible  error,  we  may  throw  away  the  a'  in  tbe  nbove  czpn) 
sion,  and  then  we  should  lutve  the  urea  of  ike  now  enjuaro 

1  +2o. 
%a,  then,  is  the  enperficinl  coefficient  of  espnosion ;  bcDce  wo  inJ 
tliat  by  multiplj-ing  the  lineiir  coefficient  by  3,  wo  obtain  the  si 
perficial  coeffidcnt. 

Suppose,  instead  of  a  sfiuare,  that  we  had  a  cube,  having 
siilG  =  1 ;  and  tbat  on  beating  the  cube  one  degriH.',  tlie  sidu  exi 
ponded  to  1  +  a ;  then  the  volunio  of  Uie  expanded  cube  woi 


bo 
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la  tlii^i  as  io  tlio  fonurr  cose,  the  square  or  ii,  and  much  mnrc  the 
cube  at  n,  may  be  neglected,  on  accoiint  uf  their  exceeding  small- 
^^^ttSB ;  we  then  have  the  volume  of  the  expanded  cube 

^^^■hftt  is  to  say,  the  cubic  coefficient  of  cxpaiiaioii  is  found  by  trcb- 
^^mbg  tlie  linear  cocfiicieiit. 

^^B      The  following  table  contuins  the  eoeSJcients  of  cE]]aDsion,  for 
^^^K  DTUubcr  of  wclt'kuowD  substances : — 


Oopiwr 

.  0-CNWir 

©■  000051 

O'ooooni 

Lwd  . 

.         .0-000029 

0-OOOOB7 

o-ooooso 

nn    . 

.  o-ooooas 

0-OOOOU8 

0-000089 

Inm    . 

.  o-ooooisa 

O-0OO037 

O'OOOOST 

Zinc    . 

.      -  .  O'00OO2fl4 

0-000088 

0-000083 

Obw  . 

.  0-0OO08O 

0-000024 

0-000024 

Vba  Mcond  colomn  hero  givee  the  linear  coefficient  of  cxpaneion 
C. ;  the  third  column  conttuna  lliis  coefficient  trebled, 
is  lliu  cabic  cxpao^on  oC  the  substance ;  and  the  fourth 
1  gives  the  cubic  expansion  of  the  same  substance,  deter- 
directly  by  Professor  Kopp.*  It  will  be  aeen  that  Kopp's 
agree  uUuost  csacUy  with  those  obtained  by  the  Ircb- 
Biig  of  ttic  linear  coefficients. 

The  linear  cocfiici cut  of  glass  for  I''  C.  is 


and  platinum  expnml  nearly  alike.    This  is  of  the 

irtaucc  to  chemists,  wlio  often  Snd  it  necessary  to 

m  into  thrir  glaas  tubes.    Were  the  coefficients 

tlm  frnctoTC  of  the  glass  would  bo  inevitable  during  the 

The  Thtrmemetfr. 

Water  OWC8  its  liquidity  to  tlio  motion  of  heat ;  when  this 

lotioa  tixHa  sufficiently,  crystalliantion,  as  we  have  eeon,  sets  in. 

'  Pbil.  Mng.,  1652,  voi.  lii,  p.  208, 


108  A^'I■E^^>Ix  to  lectl'ke  m. 

The  temperattire  of  crystallisation  ia  pcrfectlj  ccmslnnt  if  the 
wntcr  be  kept  under  the  aame  pressure.  For  eiampie,  wntw  ci7»- 
tiillisca  in  nil  climates  at  the  sea-leTcl,  at  a  teinpcrature  of  33"  P., 
or  of  0°  C  The  tumperaturc  of  condensation  from  the  state  of 
steam  is  equally  constant,  as  long  oa  the  pressure  reiuaina  the 
name.  Tlic  melting  of  ice  and  the  freeing  of  water  touch  each 
otlier,  if  I  may  use  the  expression,  at  32"  F. ;  the  condensation  of 
fcteum  and  the  boiling  of  water  touch  eacli  other  at  213° :  92°  then 
ia  the  freezing  point  of  water,  and  it  is  the  melting  point  of  ice ; 
212"  ia  the  coadenang  point  of  steam  and  the  boiling  point  of 
water.  Both  are  iuTariable  as  long  as  the  pressure  remaina  the 
Bame.  Here,  then,  we  have  two  iavaluablo  standard  points  of 
temperature,  and  they  have  been  used  for  this  throughout  tho 
world.  The  mercurial  thermometer  conidata  of  a  bulb  and  a  stem 
vnth  capillary  bore.  The  bore  ought  to  l>o  of  aquable  diameter 
throughout.  Tlie  bnlb  and  a  |K»rtion  of  tho  stem  are  flUed  with 
mercury.  Both  are  then  plunged  into  melting  ice,  tho  mercury 
slirinking,  the  column  descends,  and  finally  comes  to  rest. 
the  ]xiiat  at  which  it  becomes  stationary  be  marked ;  it  ia 
/reetiny  jmi-it  of  tho  thermometer.  Let  tho  instrument  he  noi 
remoTcd  and  thrust  into  boiling  water ;  the  mercury  c;ipands,  tl 
column  rises,  and  Anally  attains  a  stationary  height.  Let  t' 
point  be  marked;  it  is  \AaihiUing  point  of  the  tliermomctcr. 
space  between  the  freedng  point  and  tho  boUlng  point  has  h 
divided  by  Bwmraur  into  80  equal  parts,  by  Fahrenheit  into  1; 
cquid  ports,  and  by  Cclsias  into  100  equal  parts,  called  degrees.  ' 
thermometer  of  Celsius  is  also  called  the  Centigrade  thermometi 

Both  Itcaunmr  and  CeMua  call  the  freeing  point  0°,  Fahr 
hcit  calla  it  33°,  because  ho  started  from  a  zero  which  ho  i 
rcclly  imngiucd  was  the  greatest  terrcatrial  cold.    Fahi 
boiling  point  ia  therefore  212°.    Reaumur's  boiling  p<nitt  is  81 
wliiie  the  boiling  point  of  CeMua  ia  100°. 

Tlie  length  of  the  degrees  being  in  the  proportion  of  80; 
180,  or  of  4:  0:0;  nothing  cm  bo  easier  than  to  convert  one  iiit 
the  other.  If  you  want  to  convert  Faiirenheit  into  Celsius,  mt4 
tii)ly  by  6  and  divide  bj-  0 ;  if  Celsius  intji  Fahrenheit,  multiply 
by  0  and  divide  by  0.  Thus  20"  of  Celsius  arc  equal  to  S ' 
Fiihrenlieit ;  but  if  we  would  know  what  temperature  by  T 
renheil's  thtrmonicipr  eorri'-sponds  to  30°  of  Celaiua,  wo  i 
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i  to  the  88,  which  would  make  the  temperature  20°,  as 
1  by  Cclslna,  equiil  tlie  temperuture  68°,  aa  shown  by  Pah- 


^^B  powe: 
^^^^  toil 

1  condtido 


pOCuUsr  modes  of  existence  of  bodies,  solidity,  fluidity, 
gaxity,  depend  (according  tp  the  caloristB)  on  thi?  quantity 
fluid  of  heat  ent^-riug  into  their  composition.    This  sub- 
iuHnaatiiig  itjtelf  between  their  corpuscles,  separating  them 
ach  other,  and  preventing  their  actual  coutuet,  is  by  them 
to  be  the  cause  of  repnlaion. 
Other  jihi]oBopbcrs,diBsaliBficd  with  the  evidences  produced  la 
itir  of  the  existenec  of  this  fluid,  and  perceiving  tlie  gcnera- 
of  heat  liy  friction  and  percussion,  have  supposed  it  to  bo  the 
Considering  the  discovery  of  the  true  cause  of  the  rcpul- 
power  u  highly  important  to  philosophy,  I  have  endeav- 
to  inviMtigato  this  part  of  chemical  science  by  experiments ; 
tbCM  experiments  (of  which  I  am  now  about  to  give  a  detail) 
that  heat  or  the  power  of  repolmon  is  not  vuitUi: 

TIm  Phenomena  qf  Jlijnihion  an  not  dependent  <m  a  jiecnUiir  dasUa 
JbiH/or  their  exialcnce,  w  CiHoric  doct  not  exUt. 
Willunit  oooBidering  the  cCecta  of  tho  repulsive  power  on 
■r  endeavouring  to  prove  from  these  cflccts  that  it  is  mo- 
ll attempt  to  demonstrate  by  experiments,  that  it  is  not 
I  doing  this,  I  shall  use  the  method  colled  by 
fttmnticiauft,  rrdaetio  ad  abmrdiitn. 

Vint,  let  thi!  increase  of  temperature  produced  by  MctiDn  and 

■Ion  be  snppowd  to  arise  from  a  diminution  of  the  cnpad- 

Wpt  tbo  acting  iKxlica.    In  this  case  it  is  evident  some  change 

t  ba  induced  in  the  bodies  by  the  action,  which  lessens  their 

ritim  and  incrcoftes  their  tnuperaturts. 

—1  procured  two  pnratkloplpedons  of  iccf,  of  tho 

Ir  Hmnphry  Davy'i  vorks,  vol.  11, 
f  Tfee  i^itlt  of  lliis  experiment  is  the  sumo,  if  vinx.  lollun,  rwiu,  or 
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tcmpontare  of  £I>°,  six  inches  long,  two  wide,  and  two-til 
no  inch  tluuk ;  tlit-j  were  fuiiUneii  b;  yiiioB  to  two  luars  c 
By  u  p[;«uliar  mechanism,  their  suifaccs  wore  placed  in  c 
and  kept  in  a  coiilinued  and  most  violent  friction  for  son 
utes.  They  were  almost  ontirelj  converted  into  water, 
water  was  collected,  and  its  temperature  ascertained  to  1 
after  remaining  in  an  atmosphere  of  a  lower  tcmperatare  fo 
minutes.  The  fUaion  took  placi'  only  at  the  pUme  of  con 
tlie  two  pieces  of  ice,  and  no  bodies  wore  in  friction  but  ia 

Prom  tliifl  experiment  it  ia  evident  that  ice  Ijy  Wction 
verted  into  water,  and  according  to  the  auppodtion,  its  ci 
is  diminished ;  but  it  is  a  well-known  fact,  that  the  capai 
water  for  heat  is  much  greater  than  that  of  ice ;  and  ice  mui 
on  absolute  quantity  of  heat  added  to  it,  before  it  can  be  « 
cd  into  water.  Friction  couBcqucntly  does  not  diminish  ' 
padtics  of  bodies  for  heat. 

From  tliis  experiment  it  is  likewise  evident,  that  the  ii 
of  temperature  consequent  on  fidction  cannot  ariso  from  t 
composition  of  the  oxygen  gas  in  contact,  for  ice  has  no 
tion  for  oxygen.  Bince  the  increase  of  temperature  consi 
on  friction  cannot  arise  from  the  diminution  of  capodtj,  c 
dation  of  the  acting  bodies,  the  only  remaining  aupposit 
that  it  arises  from  an  absolute  quantity  of  heat  a<lded  to 
wluoh  heat  must  be  attracted  from  the  bodies  in  contact 
friction  must  induce  some  change  in  bodies,  enabling  them 
tract  heat  from  the  bodies  in  contact. 

Erperivicnt.—l  procured  a  piece  of  clockwork,  so  const: 
as  to  be  set  at  work  in  the  exhausted  receiver ;  one  of  the  ej 
whci-ls  of  this  mocliine  came  in  contact  with  a  thin  metallic 
A  considerable  degree  of  seaMblo  bent  wna  produced  by  fi 
between  tlio  wheel  and  plate  when  the  machine  worked,  u 
lated  from  bodies  capable  of  commtmicating  heot.  I  nes 
cured  a  small  piece  of  ice ; '  round  the  superior  edge  of 

nay  buIisImicb  fualblc  nt  a  low  temperature,  be  used ;  oven  iron  i 
I'ufieil  liy  willison. 

*  Tlie  temiienilore  of  tl)0  ice  and  of  the  surromuUng  atmocp 
the  cnraDiencBDent  of  Uic  eiperiment  was  82°,  that  of  the  ma^'' 
Uktrwito  se'.     At  the  end  of  the  eiperlmcnt  Uie  CeiDpcntare  of  11 
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Q  caiuil  VB3  made,  and  Sllcd  with  irntcr.    Tbe  madiiiu)  was 
1  the  ice,  but  not  in  contact  willi  the  water.    Thus  dis- 
i,  tlie  whole  was  placed  under  tho  receiver  (which  liad  been 
innal;  filled  with  carbonic  icid),  a  quiintit;  of  potash  (i.  c. 
c  n^ctabte  alkali)  being  at  the  sutac  tiuio  introducL-d. 
u:  receiver  was  now  eslianated.    From  tho"  eshanstion  and 
a  the  attraction  of  the  carLmnic  acid  gas  bj  the  potasb,  a  va- 
'■■nsn  Duurl;  perfect,  was,  I  belien.',  made. 

The  machine  was  now  set  to  work ;  tho  was  rapidly  melted, 
I  ^'dog  an  increase  of  temperature. 

Caloric  then  was  collected  by  ftiction ;  which  caloric,  on  the 
ijiposjtion,  was  conunmiicatod  by  the  bodies  in  contact  with  tho 
iiichine.  In  this  experiment,  ice  'was  the  only  body  in  contact 
nith  the  miichine.  Had  this  ioo  given  out  caloric,  tho  water  on 
tlic  top  of  it  must  have  been  flrozcn.  Tho  water  oa  the  top  of  it 
trns  not  Croien,  consequently  the  ice  did  not  give  out  caloric 
The  caloric  could  not  come  from  the  bodies  in  contact  with  tho 
I  for  it  mnst  have  passed  throvgh  tho  ice  to  penetrate  tho  ma- 
t,  and  aa  addition  of  caloric  to  tlio  ice  would  have  converted 
0  water. 
'  'BeM,  when  produced  by  friction,  cannot  be  collected  from  the 
bodies  in  contact,  and  it  was  proved,  by  tho  Out  exjicrimcnt,  that 
Ihc  increaao  of  temperature  consequent  on  friction  eamiot  arise 
(hun  diminntiott  of  capacity  or  osydation.  But  if  it  be  con^dered 
■•  matter,  it  must  be  produced  in  one  of  these  modes.  Since  (as 
b  defnuoftrated  by  these  experiments)  it  is  produced  in  neither 
of  Ume  inoclcs,  it  cannot  be  considered  as  matter.    It  has  therc- 

Kbrta  atperimcataUy  dcmonstratwl  that  caloric,  or  the  matter 
at,  does  not  exist. 
olitb,  by  long  and  violent  friction,  become  expanded,  and  if 
Uglier  temperature  thim  our  bodies,  affect  the  sensory  organs 
■till  Ihe  peculiar  sensation  known  by  the  common  name  of  heat. 


(Mft  of  tbo  machine  was  near  33'',  that  of  the  ioo  ami  lurronudiag  ncmn- 
■lAerD  t^  Huno  oi  U  die  communt'eiiienl  of  the  oipcrimcnl;  ho  tbat  tlic 
bat  pnidilcdJ  by  tllo  friction  of  dw  iliflfcrolit  imrts  of  tiie  mncliiiic  was 
wficisiU  to  nU««  tlio  Ii:nD[>crelliTC  of  near  bnlf  a  paxaid  uf  motol  ot  Iciut 
one  ihicrtx ;  ud  1o  oouverl  eigbtuen  gnUus  of  wax  (the  quaiititf  emplaycJ) 
iupalliild. 
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Since  bodies  become  expanded  b;  fHction,  it  is  imdemt  tl 
their  corpusclea  muat  move  or  separate  from  each  other. 

K'ow  a  motion  or  vibration  of  the  corpusrlca  of  bodies  n 
be  necessarily  generated  by. friction  and  percuBsion.    Therefoi^ 
WB  may  reasonably  cooclode  that  tlua  motion  or  Tibmtion  is  hea' 
or  the  rqjulfflve  power. 

Heat,  then,  or  that  power  which  prevents  the  actual  e 
of  the  corpuscles  of  bodies,  and  which  is  the  cause  of  our  pi 
sensations  of  beat  and  cold,  may  be  defined  a  peculiar  motio> 
probably  u  vibration  of  the  corpuscles  of  bodies,  tending  ( 
separate  them.  It  may  with  propriety  be  called  the  repulsl 
motion. 

Since  there  exists  a  repulmve  motion,  the  particles  of  bodi 
may  Ijo  considered  as  acted  on  by  two  opposing  forces ;  the  c 
proximating  power,  which  may  (for  greater  ease  of  expression)  G| 
called  attraction,  and  the  repulsive  motion.    The  first  of  these  f 
the  compound  effect  of  the  attraclion  of  cohesion,  by  which  t 
particles  tend  to  come  in  contact  with  each  other;  the  attractia^~ 
of  gmvitation,  by  which  thoy  tend  to  sppmsimato  to  the  great 
contiguous  masses  of  matter,  and  the  pressure  under  which  they 
exist,  dependent  on  the  gravitation  of  the  Buperiuctunbent  bodies 

The  second  is  the  effect  of  a  peculiar  molory  or  vibmtoiy  ii 
pulse  given  to  them,  tending  to  remove  them  further  from  e 
other,  and  which  can  be  generated,  orrather  increaEcd,  liy  & 
or  pcrcu8»on.    The  effects  of  the  attraction  of  colicsioD,  the  g 
approximating  cause,  on  the  corpuscles  of  bodies,  is  exacflj  ai 
Ltr  to  that  of  the  attraction  of  graritation  on  the  great  n 
matter  composing  the  universe,  and  the  repulsive  force  is  m 
gona  to  the  planetary  projectile  force. 

In  his  '  Chemical  Philosophy,'  pp.  04  and  95,  Davy  0X[ 
himself  thus:— "By  a  moderate  degree  of  friction,  as  it  woi 
appear  from  KuniTord's  experiments,  the  same  piece  of  metal  n 
be  kept  hot  for  any  length  of  time;  bo  that,  ifthu  heat  be  pm 
out,  the  qnantity  must  bo  inexhanstiblo.  When  any  1 
cooled,  it  occupies  a  smaller  volume  thon  before ;  it  is  evitna 
therefore,  that  its  parts  mu?t  have  approached  each  other ;  wh| 
the  body  has  expanded  by  heot,  it  is  equally  evident  tint  i 
ports  must  have  eepamtcd  from  each  other.  The  immediutL'  catd 
of  the  phenomenon  of  heat,  tlrni,  is  motion,  and  the  laws  of  9 
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cation  a»  prociscl;  the  aame  as  the  laws  of  the  commu- 

matter  may  be  made  to  fill  a  Bmaller  space  by  cool- 

eriibmt  that  the  particles  of  matter  must  hare  space  'ba- 

lem  ;  mid  ance  every  body  can  commnnicatE  the  power 

Bion  to  a  body  of  a  lower  temperature — that  is,  can  give 

re  motion  to  its  particles — it  is  a  probable  inTurenrc 

n  particles  are  possessed  of  motion ;  but  as  there  is  no 

the  poailion  of  its  partsi,  as  long  as  its  temperature  is 

le  EDDtion,  if  it  exist,  must  be  a  vibratory  or  undulatory 

ion,  or  a  motion  of  tlic  particles  round  tboir  axes,  or  a  motion 

!  partictea  mmid  each  other. 

gtxXBS  possible  til  accoimt  for  all  the  phenomena  of  heat,  if 

suppnavd  that  in  Buiids  the  particles  ore  in  a  constant  state 

ibrntury  motion,  the  particles  of  the  hottest  bodies  moving 

the  greatest  velocity,  and  through  the  greatest  space ;  that 

and  elastic  fluids,  brides  the  vibratory  motion,  which 

be  oinodved  greatest  in  the  last,  the  particles  have  a  motion 

il  their  own  aiea  with  different  velocity,  the  particles  of 

fluids  moving  with  the  greatest  quickness,  and  that  in 

sabfitauccs  the  particles  move  round  thdr  own  axes,  and 

each  other,  penetrating  in  right  lines  tlirough  space. 

may  be  conceived  to  depend  upon  the  velocity  of 

.;  iuerease  of  capacity  in  the  motion  being  performed 

ir  vpace ;  and  the  diminution  of  temperature  during  tlie 

of  solids  into  fluids  or  gases,  may  be  explained  on  the 

!  loss  of  vibratory  motion,  in  consequence  of  the  revo- 

of  particles  round  their  ases,  at  the  moment  when  the  body 

flail]  nr  nPrifonu,  or  from  the  loss  of  rapidity  of  vibration 

ineocc  of  tha  motion  of  tha  particles  through  sp^ce. 


LECTURE    IV. 

tFobraary  13,  1862.] 


1    POINT LIQESFJ 


BEFORE  finally  qnltting  tlio  Bubjcct  of  expaadon,  ] 
wUJi  to  show  yoa  an  e:q)crimeDt  which  IDoatratea  in  ■ 
t  curious  and  agrccablu  vay  tlic  conversion  of  licat  into  in&^ 
chanicol  energy."  The  fact  wtilcli  I  wish  to  reproduce  waa 
first  olwen-ed  by  a  gentleman  named  Sohwai-ta.  in  one  of 
tlie  smelting  worka  of  Saxony,  A  qoantity  of  aUvcr  which 
had  been  fused  in  a  ladle  waa  allowed  to  solidify,  and  t' 
hasten  its  cooling  it  was  turned  out  upon  an  anvil.     Soi 

Ltime  afterwards,  a  strange  buzzing  sound  waa 
locality,  and  waa  finally  traced  to  the  hot  silver,  which  k 
found  quivering  upon  the  anvil.  Many  years  sabsequent  lj 
this,  Mr,  Arthur  Trevelyan  chanced  to  be  using  a  hot » ' 
dering-iron,  which  ho  I.iid  by  accident  against  a  piece  o 
lead.  8oon  aflierwards,  bis  attention  was  excited  by  ifl 
most  singular  sound  which,  after  some  searching,  was  fon 
to  proceed  from  tlie  soldering-iron.  Like  the  silver  < 
I 
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Soliwaitz,  the  Boldering-iron  was  found  in  a  state  of  vibra- 
tion.   Mr,  Tpcvelyan  madu  liis  discovery  the  eiibject  of  a 
very  iateresting  investigation.     He  determined  the  best 
fonn  to  bo  given  to  the  '  roclier '  as  the  vibrating  mass  is 
now  called,  and  throiighoat  Europe  iiL  [ircseut  ttiis  instru- 
Bteat  IB  known  as  '  Trcvelyan'a  Instrument.'      Since  that 
time  the  anbject  has  engaged  the  attention  of  Prof,  J.  D. 
ForbcH,  Dr.  Seebeck,  Mr.  Faraday,  M.  Sondhaus,  and  my- 
^^#^;  but  to  Trevelyan  and  Seebeck  we  owe  most. 
^^h   Here  is  sucJi  a  rocker  made  of  brass.    Its  length,  a  c 
^^■g-  26),  is  five  inches,  the  width  a.  b,  1-5  in.,  and  the  length 
^^Vilit!  handle,  which  terminates  in  the  knob  f,  is  ten  inches. 

|— 

^^K  groove  runs  at  the  back  of  the  rocker,  along  its  centre  j 
the  croEii  section  of  the  rocker  and  ita  groove  is  ^vcn  at  ir. 
I  best  the  rocker  to  a  temperature  somewhat  higher  than 
that  of  boiling  water,  and  lay  it  on  this  block  of  lead,  al- 
lowing it!t  knob 
to  roet  npon  the 
table.  Tod  hear 
a  <|aicl  stioces' 
eioD  of  forcible 
taps.  Bat  yoa 
(Miuwt  sec  the 
oMtllations  of 
tike  rocker  to 
which  th«  taps 
an  dne.  I 
tbcniforo  placo 


4'\,       °\^:^ 
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the  oscillationB  aro  thereby  rendered  much  slower,  and  yo* 
ca-n  cnsUy  Ibllow  with  the  eye  tbc  pendulous  motion  of  (bef 
rod  and  balls.    This  motion  will  continue  as  long  as  the 
rocker  is  ablo  to. communicate  sufficient  heat  to  the  carrier 
on  which  it  rests.    Thua  we  render  the  vibrationB  slow,  but 
I  can  also  render  them  quick  by  using  a  rocker  with  a  m 
wider  groove.    The  sides  of  thifl  rocker  do  not  overhang  ao4 
much  as  those  of  the  last ;  it  is  virtually  a  shorter  pendu<l 
lum,  and  will  vibrate  more  quickly.    PLiced  upon  the  lead,  ' 
as  before,  it  eommencea  an  unsteady  and  not  altogether 
pleasant  music.     It  is  still  restless,  sometimes  seeming  to 
expostulate,  sometimoa  even  to  objurgate,  as  if  it  d 
the  treatment  to  which  it  is  subjected.    Now  it  become^ 
mellow,  and  fills  the  room  with  a  clear  full  note.    Its  tapi 
have  become  periodic  and  regular,  and  have  linked  thei 
eelves  together  to  prodnco  music    Here  is  a  third  rocker, 
with  a  still  ivider  groove,  and  with  it  I  can  obtain  a  shriller 
tone.    You  know  of  course  that  the  pitch  of  note  augments 
with  the  niunber  of  the  vibrations;  this  wide-gvoovet 
rocker  osdllates  more  quickly,  and  therefore  emits  a  highef 
not«.    By  casting  a  beam  of  light  upon  tlie  rocker  I  obta 
a  better  index  than  the  rod  and  balls.    This  index  is  witl 
out  weight,  and  therefore  does  not  retard  the  motion  of  tJ 
rocker.    To  the  latter  I  have  fastened,  by  a  single  sere 
at  its  centre,  a  small  disk  of  polished  stiver ;  on  which  the 
beam  of  the  electric  lamp  now  falls,  and  is  reflected  agsinst 
the  screen.    When  the  rocker  vibrates,  the  beam  vibrates 
also,  but  with  twice  the  angular  velocity,  and  there  yon  Bi 
the  patch  of  light  quivering  upon  the  screen. 

What  is  the  cauEO  of  these  singular  vibrations  anj 
tones  ?    They  aro  due  simply  to  the  sudden  expansion  h 
heat  of  the  body  on  which  the  rocker  rests.   Whenever  tf 
hot  rocker  comes  into  contact  with  its  lead  carrier,  a  nippM 
suddenly  juts  from  the  latter,  being  produced  by  the  Ii 
communicated  to  the  lead  at  the  point  of  contact. 
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Mr  ia  tilted  up,  iind  some  other  point  of  it  comes  into 

Btact  with  the  lead,  a  fresh  nipple  is  produced,  and  the 

■ker  is  agaia  tilted.    Let  a  a  (fig.  28)  be  the  aui-face  of 

I  lead,  and  b  the  cross  seetion  of  the  hot  rocker ;  tilted 

h  the  right,  the  nipple  \a  formed  as  at  n  ;  tilted  to  the  left, 

K  is  Ibrmed  oe  at  l.    The  consequence  la  that  until  its  tern- 


j^^_^2_ 


ntuie  falls  sufficientlj-,  the  rocker  is  tossed  to  and  fro, 

1  the  quick  succession  of  its  taps  agiiinst  the  lead  pro- 

s  31  musical  sound. 

I  luire  here  fixed  two  pieces  of  sheet  lead  in  a  vice ; 

r  edges  are  espoaed,  and  are  about  half  am  inch  asiui- 

I  balance  a  long  bar  of  heated  bi'aas  across  the  two 

edgus.     It  rcsia  firet  on  one  edge,  which  exjtanda  at 

B  point  of  cont.iet  and  jerks  it  upwards  ;  it  then  f:ills  upon 

ind  edge  which  altio  rejects  it ;  and  thns  it  goes  on 

Cillnting,  and  will  continue  to  do  so  as  long  as  the  bar 


Ttf.^. 


n  commonio^te  Ruflicicnt  heat  to  tho  lead.  This  firc-shorel 
wBl  aoswor  quite  as  well  as  tho  prepared  bar.     I  balance 


118  LECrCKB  IV. 

the  heated  shovel  Uiua  upon  tho  edgcB  of  the  lead,  and  U 
oaciUatea  csncr^ly  as  the  bar  did  (fig.  22).  I  may  add,  t! 
by  projierly  Inying  either  tho  poker  or  the  fire-shovel  np( 
a  block  of  lead,  eupporting  tbe  handle  so  aa  to  avoid  f 
tion,  yoii  raiiy  obtain  noles  as  aweet  and  musical  ns  a 
wiiich  you  have  heard  to4ay.  A  heated  hoop  pla( 
upon  a  plato  of  lead  may  be  caused  to  vibnite  and  sing; 
r.nd  a  hot  pcmiy-pieeo  or  half  crown  may  be  caused  to 
do  Uie  same,* 

Looked  at  with  an  eye  to  the  connection  of  natural 
forces,  this  eiperiment  is  interesting,  llie  atoms  of  bodies 
m.ust  be  regarded  as  all  but  infinitely  small,  but  then  they 
must  be  regarded  as  all  but  infinitely  nimicrous.  Tho  ang- 
montation  of  the  amplitude  of  any  oscillating  atom  by  tie 
commimication  of  heat,  is  insensible,  bnt  the  summation 
of  an  almost  Infinite  number  of  sncb  augmentations  become 
sensible.  Such  a  summation,  cSeoted  almost  in  an  in- 
stant, produces  om*  nipple,  and  tilts  tbe  heavy  mass  of  the 
rocker.  Here  we  have  a  direct  conversion  of  heat  i 
common  mechanical  motion.  Bat  tbe  tilted  rocker  i 
again  by  gravity,  and  in  its  collision  with  the  block  restor^ 
almost  the  precise  amount  of  heat  which  was  consomed  Ij 
lifting  it.  Here  we  have  the  direct  conversion  of  com 
gravitating  force  into  heat,  Agiun  the  rocker  is  mirroundi 
by  a  mediam  capable  of  being  set  in  motion.  The  air  d 
this  room  weighs  some  tons,  and  eveiy  particle  of  it  j 
shaken  by  the  rocker,  and  every  tympanic  membrane,  t 
every  auditory  nerve  present,  is  similarly  shaken.  TUnfl  1 
have  tfie  conversion  o/a portion  oflteat  into  sound, 
finally,  every  sonorons  vibration  which  i>ipcedB  throagb  ( 
air  of  tliia  room,  and  wastes  itself  upon  the  waSa,  t 
and  cushions,  is  converted  into  the  form  with  which  ( 
cycle  of  aotions  conmienceS — namely,  into  heat. 


*  For  furlliEr  [nrormntion  9M  Apjicndi*  lo  tliis  Iccnirc. 
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Sere  is  another  curious  efiect,  for  -which  we  aro  in<Mtt- 
«ll  to  Mr.  George  Gore,  and  whicli  admits  of  a  eiiuilar  cx- 
^^^taatioD-  You  eee  UiU  line  of  rails.  Two  Htiijia  of  bmss, 
^^K  b'  s'  (fig.  30),  aro  Rct  edgcwaj-s,  and  about  an  incli 
^^BlBder.  I  place  this  hollow  metal  hail  b  npon  the  rails ; 
^Tr  I  push  it,  it  rolls  along  them ;  but  if  I  do  not  push 
ii,  it  fttaads  stilL    I  connect  these  two  rails,  by  the  wires 


(0  te\  with  tlie  two  poles  of  a  VoilaJc  battery.  A  current 
HOT  passes  down  one  rail  to  the  metal  ball,  tlicncG  along 
the  ball  to  the  other  r^l,  and  finally  back  to  the  battery. 
In  iiatising  from  the  rail  to  the  ball,  and  from  tho  ball  to 
tbo  other  rail,  tlio  current  encounters  repistance,  and  where- 

»tf  a  current  enconntera  i-eaistancc,  heat  is  developed. 
•t,  therefore,  ia  generated  at  tho  two  points  of  contact 
tlie  ball  witli  the  rails ;  and  this  beat  produces  an  clcvw 
lion  of  the  rail  at  these  pointa.  Observe  the  effect ;  the 
ball  which  a  moment  ago  was  tranqnil  is  now  very  uneasy. 
It  ribralea  a  little  at  first  without  rolling ;  now  it  actually 
roll*  a  little  way,  stops,  and  rolls  baek  again.  It  gradually 
aogmccts  its  escnrsion,  now  it  has  gone  further  than  I 
inh'iHlvd:  it  has  quite  rolled  offthe  rails,  and  injured  itself 
r  lalling  on  the  floor. 

I  nrro  i'  another  apjiaratus  for  whicli  I  am  indebted  to 
.  Gore  liimsclf,  and  in  which  tho  rails  form  a  pau-  of 
■ntrio  hoops ;  when  the  circuit  is  cstabllahcd,  the  ball 
|(IIb.  si)  rolls  round  tho  circle.*  Mr,  Gore  has  also  ob- 
l  tlic  rotation  of  light  balls;  by  pladng  them  on  cir- 
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panied  hj  contraction.    I  have  here  a  round  glitss  dish  u 
which  I  pour  some  hot  water.   Over  the  water  I  pomr  f 
a  ladle  a.  quciatitjr  of  melted  bces'-wax.    The  wax  noi^ 
forms  a  liquid  layer  nearly  half  an  inch  thick  above  t 
water.     We  will  suffer  li>qj:li  water  and  wax  to  cool,  i 
when  they  are  cool  you  will  find  that  the  wax  which  n 
overspreads  the  entire  Burface,  and  ia  attached  all  round  tl 
the  glass,  will  retreat,  and  we  shall  finally  obtain  a  cake  Q 
wax  of  considerably  smaller  area  than  the  dish. 

The  wax,  then,  in  passing  from  the  soUd  to  the  Uqia 
state  erpande.  To  assume  the  liquid  form,  its  partioT 
must  be  pushed  more  widely  apart,  a  certain  play  betwfit 
the  particles  being  necessary  to  the  condition  of  liquidi^ 
Now  supposing  we  resist  the  expandon  of  the  wax  by  ■ 
external  mechanical  force ;  stipposc  we  have  a  very  bi 
vessel  completely  filled  with  solid  wax,  and  which  olTenjS 
powerful  resistance  to  the  cx]iansion  of  the  mass  witliin  it  H 
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what  voald  yon  expect  if  you  sought  to  liquefy  the  wax  in 
this  vessel  ?  When  the  wax  is  free,  tlie  heat  has  only  to 
iquer  the  attraction  of  its  own  pariidea,  but  in  the  strong 
J  it  has  not  only  to  conquer  the  attraction  of  the  par- 
is,  l>Bt  abo  the  resistance  offered  by  the  vessel.  By  a  mere 
of  reasoning,  we  should  thus  be  led  to  infer  that  a 
amoimt  of  heat  would  be  required  to  melt  the  wax 
ler  pressore,  than  when  it  ia  free ;  or,  in  other  words, 
the  point  of  fusion  of  the  wax  ia  elevated  by  pressure. 
reasoning  is  completely  justified  by  experiment,  not 
Ij  with  wax,  but  with  other  substances  which  contract  on 
Idifying,  and  expand  on  liquefj-ing,  Messrs.  Ilopkiiia 
Bad  Fslrhaim  ha^e,  by  pressure,  nueed  the  melting  point 
of  some  fiubstances  which  contract  considerably  on  solidify- 
ing a&  much  as  20°  and  30'^  Fahr. 

These  esporiments  bear  on  a  Tcry  remarkable  specula- 
tion.  The  earth  is  known  gradually  to  augment  in  tomjier- 
alnre  as  we  pierce  it  deeper,  and  the  depth  liaa  been  calcu- 
lated at  which  all  known  terrestrial  bodies  would  bo  in  a 
Etate  of  fusion.  Mr.  Hopkina,  however,  obscnes  that 
owing  to  the  enormous  pressure  of  the  superincumbent 
iffl,  the  deeper  strata  would  require  a  far  higher  tem- 
ire  to  fuse  them,  than  would  bo  necessary  to  fuse  the 
the  earth's  surface.  Ilenco  bo  infers  that  the 
id  cmst  must  have  a  considerably  greater  thickness  than 
it  given  by  a  calculation,  which  assumed  the  fusing 
ita  of  the  supcrfidal  and  tho  deeper  Btrata  to  bo  the 

Now  let  us  turn  fi-om  wax  to  ice.  Ice,  on  liquefying, 
eontracU;  in  tho  arrangement  of  its  atoms  to  foi-m  a  solid, 
more  nK»m  is  nsquired  than  they  need  in  the  neighbouring 
liquid  state.  No  doubt  this  is  duo  to  crystalline  arrange- 
ment ;  (he  attractinjr  poles  of  tlio  molecules  arc  so  placed 
that  when  the  crystallisiug  force  comes  into  play,  the  mole- 
c«ka  tmite  no  a»  to  leave  larger  inter-atomic  spaces  in  tho 
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mass.  We  may  suppose  them  to  littacb  themselvcB  by  ti 
comers ;  and  in  turning  comer  to  comer,  to  cauEi 
eion  of  tlio  atomic  centres.  At  all  events  their  c( 
treat  from  each  other  when  solidification  sets  in.  By  e 
ing,  then,  this  iK>wer  of  rcti-eat,  and  of  consequent «: 
ment  of  volume,  is  conferred.  It  is  evident  that  press 
in  this  case  would  resist  the  expansion  which  is  necess 
to  solidification,  and  hence  the  tendency  of  presfiure,  i 
case  of  water,  is  to  keep  it  liquid.  Thus  reasoning,  i 
should  bo  led  to  the  conclusion  that  the  fusing  points  o 
Bubstancea  which  cspand  on  8olidif}'ing  are  lowered  1 
prcBBure. 

Professor  James  Thomson  first  drew  attention  to  f 
fact,  and  his  theoretiiM'easonings  have  been  verified  by  tl 
experiments  of  liis  brother  Profeaaor  William  Thomson. 

Let  ua  illostrate  these  principles  by  a  striking  csperi- 
mcnt.  I  have  here  a  square  pillar  of  clear  ice  an  inch  and 
a  half  in  height  and  about  a  square  inch  in  cross  section. 
At  present  the  temperature  of  this  ice  is  0"  C.  But  sup- 
pose I  subject  this  ice  to  pressure,  I  lower  its  point  of  fu- 
sion: the  ico  midcr  pressure  will  melt  at  ft  temperature 
under  0°  C,  and  hence  the  temperature  whicli  it  now  pos- 
sesses is  in  excess  of  that  at  wliicli  it  will  melt  imder  pres- 
sure. I  have  cut  tliis  ico  bo  that  its  planes  of  freezing  are 
perpendicular  to  the  height  of  tho  pillar.  The  direction  of 
the  stratified  air-bubbles  in  tho  ico  from  which  this  clear 
piece  was  token,  enabled  mo  to  fix  at  onco  upon  its  planes 
of  freezing.  Well,  I  place  tho  column  of  ice,  l,  upright 
between  two  slabs  of  borwood,BB'  (fig.  32),  and  place  the 
vbole  between  the  plates  of  this  small  hydraulic  press ; 
through  the  ice  I  send  a  beam  from  tho  electric  lamp.  In 
front  of  the  ice  I  place  a  lens,  and  by  it  project  a  magnified 
image  of  the  ice  upon  the  screen  before  you.  The  beam 
which  passes  through  the  ice  has  been  purified  bcforclumd, 
BO  that,  although  it  is  still  hot,  its  heat  is  not  of  such  a, 
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a  melt  tlie  ine ;  bcnce  the  light  passes  throngh 
)  withont  causing  fusion.  I  work  lUo  arm  of 
;  the  pillar  of  ice  is  now  geatly  squeezed  Iwtween 
ibe  iwo  slabs  of  boxwooJ.  I  apply  the  prcssun;  cautiously, 
aai  DOW  you  see  dark  streaks  beginning  to  show  them- 
adr«e  across  the  ice,  at  right  angles  to  the  dlrectJon  of 
Right  in  the  middle  of  the  mans  they  are  ap- 
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pcaring ;  and  as  I  continne  the  pressure,  the  old  streaks 
txpduid  and  .new  onea  ajipcar.  The  entire  column  is  now 
Kan«d  across  by  those  strias,  Wliat  are  they  ?  Thoy  are 
fiiioply  liquid  layers  foreshortened,  and  when  you  examine 
this  column  and  look  into  it  obliquely,  you  see  these  sur- 
fiucs.  Wo  hava  liquefied  the  ice  in  planes  perpendicular  to 
ibc  preasorc,  and  those  liquid  planes  interspersed  through- 
tmt  the  mass  give  it  this  strongly  pronounced  laminated 


eof 


Whether  as  a  solid,  a  liquid,  or  a  gas,  water  is 
o  AppciiUit  to  tills  lecture  fbr  furtlicc  Inroruiuliuii. 
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the  most  wonderful  eabst&nces  In  nature.    Let  ns  o 
its  wonders  a  little  further.    At  all  temperatures  above  8S* 
Folir.  or  0^  C,  the  motioD  of  beat  is  sufficient  to  keep  L 
mulocules  of  water  from  rigid  unlun.     But  at  0°  C.  the  mo*! 
tiou  becomes  so  reduced  that  the  atoms  tben  sdze  iqioiil 
each  other  and  aggregate  to  a  solid.    Thia  union,  however,   I 
ia  a  union  according  to  law.  To  many  persons  here  present 
this  block  of  ice  may  seem  of  no  more  interest  and  beauty 
than  a  block  of  glass  ;  but  in  the  estimation  of  science  it 
bears  the  same  relation  to  glass,  that  an  oratorio  of  Hand) 
does  to  the  cries  of  a  market-placo.    The  ice  is  mode,  t' 
glass  is  noise ;  the  ice  is  order,  the  glass  is  confusion, 
the  glass,  molecular  forces  constitute  an  inextricably  enta 
gled  skein ;  in  the  ice  they  are  woven  to  a  synunctrio  web^ 
tlio  miraculous  texture  of  wliicli  I  will  now  try  to  reveal. 
How  shall  I  dissect  this  ice  ?    In  the  solar  beam,— 
failing  that,  in  the  beam  of  an  electric  lamp,  wo  havo  a 
anatomist  competent  to  perform  this  work.    I  remove  tin ' 
agent  by  which  this  beam  was  pmified  in  the  last  experi- 
mont,  and  will  send  the  rays  direct  from  the  lomp  through 
this  slab  of  pellucid  ice.     It  Ghall  pull  the  crystal  edifice  to 
pieces  by  aconnttely  reversing  the  order  of  its  architecture. 
Silently  and  symmetrically  the  crj-stalliziiijf  force  builds  tlie 
atoms  up,  silently  and  symiuetrically  the  eleqtrio  beam  will 
take  them  don'n.     I  placo  this  slab  of  ico  in  front  of  t[ 
lamp,  the  light  of  which  now  passes  tiirotigh  the  ice. 
pare  the  beam  before  it  enters  with  the  beam  aiW  its  p 
age  through  the  snbstwco :  to  the  eye  there  is  no  eensill 
difference ;  the  light  is  scarcely  dimini*ihcd.    Not  so  v 
the  heat.    As  a  thennio  agent>  the  bt^mi,  before  elite 
ia  far  more  powerfnl  than  it  is  after  its  emergence.    A  p 
tion  of  the  beam  has  been  arrested  in  the  ice,  and  that  p 
tion  is  our  working  anatomist.    Well,  what  ia  be  dolnglf 
If  lace  a  Ions  in  &ont  of  the  ice,  and  cast  a  magnified  i 
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*fa  Upon  Iho  Bcreen.    Observe  that  image  (fig.  33), 
ft  l>eMitjr,  falls  far  short  of  the  acliial  effect.    Here 
&  star  imd  there  a  star ;  and  a£  ihc  action  contin- 
ic*  appears  to  resolve  itself  into  stars,  each  one 
og  six  rays,  each  one  resembling  a  beautiful  flower 
petals.     And  OS  1  shift  my  lens  to  and  fro,  I  bring 
'tta  into  view,  and  as  tho  action  continncB,  the  edges 
peuila  become  serratod,  and  spread  themselves  out 
fcm  leaves  U|>on  the  screen.     Pi-obably  few  hero  pres- 
awarc  of  the  beauty  latent  in  a  block  of  conunon 
Aad  only  think  of  lavish   N"aturo  operating  thus 
^ut  the  world.    Every  atom  of  the  solid  ice  which 
lAe  froxKa  lakea  of  the  North  has  been  fixed  accord- 
Nature  '  lays  her  beams  in  music,'  and  it 
tzi0tion  of  science  to  purify  our  organs,  so  as  to 
to  liear  the  strain. 
I^TV    I  have  to  draw  your  attention  to  two  points 
-^»^th  this  experiment,  of  gre;it  mmuteneas,  but 
kxt^crest.     Yon  see  these  flowers  by  transmitted 
::.b«  light  which  has  passed  through  both  tho 
the  ice.    But  when  you  examine  them,  by  el- 
ii»m  to  fall  upon  them  and  to  bo  reflected  from 
•VST  eye,  you  find  in  the  centre  of  each  flower  a 
^liines  with  the  lustre  of  Lumished  silver.    You 
EisX"^^'^  ^o  think  this  spot  .1  bubble  of  air ;  but 
immersing  it  in  hot  water,  melt  away  the  ico 
Ka^  epot ;  and  the  moment  the  spot  is  thus  laid 
i^^X*^<^i  !>Bd  i^o  trace  of  a  bubble  of  air  is  to  be 
'••S*»o(  is  a  vacuum.    Observe  how  truly  Nature 
■^'■^'e  how  rigidly  die  earries  her  laws  into  all 
We  learned  in  the  last  lecture,  that  ice  in 
^       x^acted,  and  here  we  find  the  fact  turning  up. 
^*^  them  flowers  cannot  fill  the  space  occupied 
Ip^^  vbose  flisioB  they  are  produced,  hence  the 
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^^MQdactiui  of  a  vacmun  ncoesaarily^  accompaDiea  tho  forma- 
^B^n  of  every  li<iiud  Uower. 

When  I  firal  observed  these  beaatiful  figures,  I  llioaght 
at  Uie  momeul  wtien  tbo  central  spot  appeared,  like  a  point 
of  liglit  suddenly  formed  witbJa  the  ice,  that  I  beard  a 
clink,  08  If  the  ice  Iiad  split  asunder  when  the  bright  epot 
was  formed.  At  first  I  suspected  that  it  was  ray  imagina- 
tion which  associated  sound  with  the  appearance  of  tiio 
spot,  as  it  ia  said  that  people  who  see  meteors  often  ima- 
gine a  roflliing  noise  when  they  really  hear  none.  Tbo 
clink,  however,  was  a  reality ;  and  if  you  will  allow  me,  I 
will  now  make  this  trivial  fact  a  starting  point  from  which 
I  win  conduct  you  through  a  series  of  interesting  phenom- 
C33,  to  a  far-distant  question  of  practical  science. 

All  water  holds  a  large  quantity  of  air  within  it  in  a 
state  of  soluiion ;  by  boiling  you  may  liberate  this  impris- 
oned air.  On  be.iting  a  flask  of  water  you  see  air  bubbles 
crowding  on  its  sidea  long  before  it  boils,  and  you  see  Ihe 
bobbles  rising  through  the  liquid  without  eondenaation, 
and  oAen  floating  on  the  top.  One  of  the  most  remarkable 
effects  of  this  Mr  in  the  water  is,  that  it  promotes  the  ebul- 
lition of  the  liquid.  It  acts  as  a  kind  of  elastic  spring, 
pushing  the  atoms  of  tbo  water  apart,  and  thus  helping 
tbem  to  lake  the  gaseous  form. 

Now  suppose  this  air  removed ;  having  lost  the  cushion 
wlilch  separated  ihem,  the  atoms  lock  themselves  together 
in  a  far  lighter  embrace.  The  cohesiou  of  the  water  is 
Btly  augmented  by  tho  removal  of  tlic  air.  Here  ie  a 
I  %'«u»cl,  the  so-called  water  hammer,  which  contiins 
r  purgdl  of  sdr.  One  effect  of  the  withtlrawal  of  tho 
)  buflt^r  ii*,  that  the  water  here  falls  witli  the  sound 
I  body,  Tou  hear  how  the  liquid  rings  agiunst 
]  of  tllo  tube  when  I  turn  it  upside  down.  Her©  is 
r  tube,  ABC  {flg.  34),  bent  into  the  form  of  a  V,  and 
ndcil  to  bIiow  bow  tlio  cohesion  of  the  water  ia  affoctod 
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hy  loDg  boilisg.    I  bring  this  irater  into  ooe  arm 
V  ;  by  tilting  the  tnbe  it  floirs,  as  you,  see,  freely  into  d 
Otber  arm.     I  restore  it  to  ttie  first  nrm,  and  now  tap  tl 
end  of  thla  arm  against  the  table.     Yon  Lear,  at  first,  d 
loose  and  jiDgUng  soond.     As  long  as  you  bear  it  tfae  n 
ter  is  Bot  in  true  contact  witb  tbe  eur&ce  of  the  tnbe. 


continne  my  tapping:  you  mark  an  alteration  in  the  » 
wie  jingling  baa  disappeared,  and  the  aoiind  is  now  b 
liie  that  of  eolid  against  solid.  I  now  raise  my  tnbe. 
serve  what  ocoura.  I  turn  the  column  of  water  npriS 
_  down,  but  there  it  stands  in  a  b.  Its  particles  eling  bo  ft 
naciously  to  the  sides  of  the  tube,  and  lock  themselves  B 
firmly  together,  tliat  it  refuses  to  behave  like  i 
body  I  it  dedines  to  obey  the  law  of  gravity. 

So  much  for  the  augmontalion  of  cohesion  ;  but  t 
very  cohewion  enables  the  liquid  to  resist  ebullition.     WM 
ter  thuB  freed  of  its  air  can  be  raised  to  a  temperatnnj  10^ 
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lad  more  above  its  ordinary  boiling  point,  without  ebiilli- 
licm.  liut  mark  what  takes  place  when  tho  liquid  docs 
boiL  It  baa  an  coonnous  excess  of  heat  stored  up ;  the 
locked  atoms  finally  part  company,  but  they  do  bo  with  tbo 
TioIeDoe  of  a  spring  which  suddenly  breaks  under  strong 
tenaioc,  and  ebnlliiiou  is  converted  into  ovplosion.-  For 
llie  discovery  of  this  interesting  property  of  water  we  aro 
iudebted  to  M.  Donny,  of  Ghent. 

Turn  we  now  to  our  ice: — Water,  in  freering,  complete- 
ly eicladea  the  air  from  its  crystalline  architecture.  All 
foreign  bodies  arc  squeezed  out  lu  the  act  of  freezing,  and 
ice  holds  no  air  in  solution.  Supposing  then  that  we  melt 
1  piece  of  pure  ice  under  conditions  where  air  cannot  op- 
proacb  it,  we  have  water  in  its  most  highly  cohesive  condi- 
tion ;  and  such  water  ought,  if  heated,  to  show  the  efiects  to 
which  I  have  referred.  That  it  does  so  hns  been  proved 
hy  Mr.  Faraday.  He  melted  pure  ice  under  spirit  of  tur- 
pcBline,  and  found  that  the  liquid  thus  formed  could  be 
heiied  far  beyond  its  boiling  pouit,  and  that  the  rupture 
of  the  liquid,  by  the  act  of  ebullition,  took  place  with  id- 
mmit  esrploaivo  violence.  And  now,  let  us  apply  these  facts 
lo  the  Etx-petaled  ice-flowers  and  their  little  central  star. 
Tfifyare  funned  in  a  place  where  no  air  can  come.  Imag- 
ine the  flower  forming  and  gradually  augmenting  in  size. 
Tlie  cohesion  of  the  liquid  is  so  great,  that  it  will  pull  the 
wiJla  of  itt  chamber  together,  or  even  expand  its  own  vol- 
Dine,  Boonor  than  give  way.  Bat  as  its  eize  augments,  tlio 
fMB  which  it  tiica  to  occupy  becomes  too  large  for  it, 
ntil  finslly  the  liquid  snaps,  a  vacuum  is  formed,  and  a 
dfaik  is  beard. 

Let  tiB  now  take  our  final  glance  at  this  web  of  rcl.v 
lions.  It  is  very  remarkable  thnt  a  great  number  of  loco- 
Utires  haye  exploded  on  quitting  the  shed  where  they 
bad  remained  for  a  time  quiescent.  The  number  of  explo- 
•iooa  whicb  hare  occurred  jnet  as  tlic  engineer  tnnicd  on 
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llio  steam  ia  qnito  Burprising.  Now  Buppoang  that  ft  low 
niotivo  had  been  boiling  BulEcieutly  long  to  expel  the  oi 
(contained  in  ila  water;  that  liquid  would  possess,  in 
greater  or  less  degree,  the  high  cohesivQ  quality  to  which 
have  drawn  your  attention.  It  is  at  least  conccirable  tht 
while  resting  prerioua  to  starting  on  Its  journey,  an 
of  heat  might  bo  thus  stored  np  in  the  boiler,  and  if  stor 
up,  the  certain  result  would  bo,  that  the  engineer  on  tui 
log  OD  the  steam  would,  by  a  mechanical  act,  produce  th 
rupture  of  the  cohesion,  aud  steam  of  explosive  force  woi ' 
instantly  bo  generated.  I  do  not  say  that  this  w  the  caaa 
but  who  can  say  that  it  is  not  the  caae.  We  have  b( 
dealing  throughout  with  a  real  agency,  which  is  certainl 
competent,  if  its  power  bo  invoked,  to  produce  the  nw 
terrible  effects. 

We  have  here  touched  on  tlie  subject  of  steam  ;  let 
bestow  a  few  minutes'  further  considcratiou  on  it« 
tion  and  action.  Aa  you  add  heat,  or  in  other  words,  nu 
tion,  to  water,  the  particles  from  its  free  surface  fly  off  i 
augmented  numbers.  We  at  length  approach  what  is  callo 
the  boiling  point  of  the  littuid,  where  the  conversion  int 
vapour  is  not  eon&ied  to  the  free  Eurfaee,  but  is  most  c( 
pious  at  the  bottom  of  the  Teasel  to  which  the  heat  is  i^ 
plied.  When  water  bolls  in  a  glass  beaker,  the  steam  : 
seen  rising  in  spheres  from  the  bottom  to  the  top,  where : 
often  swiais  for  a  time,  enclosed  above  by  a  dome-shape 
liquid  film.  Now,  to  produce  these  bubbles,  certain  resis 
ances  must  be  overcome.  First,  we  have  tlie  a<lheslon  a 
the  water  to  the  vessel  winch  contains  it,  and  this  for* 
varies  with  the  substance  of  the  vessel.  In  the  ease  of 
class  vessel,  for  example,  the  boiling  point  may  Ijo  raise 
two  or  three  degrees  by  adhesion;  while  in  metal  vease 
tills  is  impossible.  Tlie  atlhesion  is  overcome  by  flt«  aa 
starts,  which  may  be  so  augmented  by  tlie  introduotioD  a 
B^lts  into  the  liquid,  that  a  loud  bumping  sound  accompi 
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s  the  ebullitioa ;  the  detochmont  ia  in  some  cases  so  eud- 
a  and  violent  as  to  cause  the  liquid  to  jamp  bodily  out 
^Ihe  vcBsel. 

A  sedond  antagonism  to  the  boiling  of  iJie  liquid  is  the 

lion  of  the  liquid  particles  for  each  other,  a  force 

hicb,  aa  we  have  seen,  may  become  very  powerful  when 

e  liquid  is  purged  of  air.    This  is  not  only  true  of  water, 

t  of  other  hquid.'i — of  all  the  etbcrs  and  alcohols,  for 

inple.     If  we  connect  a  small  dask  containing  ether  or 

alcohol  with  an  air  pump,  a  violent  ebullition  occurs  in  the 

Gqnid  when  the  ])Qmp  is  first  worked ;  but  after  all  the  air 

has  been  removed,  we  may,  in  many  cases,  continue  to  work 

)  pomp,  without  producing  any  scnaible  ebullition ;  the 

e  Borface  alone  of  the  liquid  yielding  vapour. 

t  that  steam  should  exist  in  bubbles,  In  the  intenor 
t  of  liquid,  it  must  bo  able  to  resist  two  other 
t,  tbo  weight  of  the  water  .ibovc  it,  and  the  weight 
0  .itinoapbere  above  the  water.    What  the  atmosphere 
ni]iclent  to  do  may  be  thus  illustrated.     1  have  hero  a 
B  Teaeel  containing  a  Uttle  water,  which  is  kept  boiling  by 
lU  lamp.  At  the  present  moment  all  the  space  above 
er  is  filled  with  steam,  which  issues  from  this  stoji- 
[  shut  off  the  cock,  withdraw  the  lamp,  and  pour 
ter  upon  the  tin  vessel.   The  stcim  witWn  it  is  con- 
>d,  the  elastic  cushion  which  poshed  the  sides  outwards 
■opposition  to  the  pressure  of  the  atmosjihere  is  withdrawn, 
■\c  the  conseqaence.     Tlie  sides  of  the  vessel  are 
died   and  crumpled  up  by  the  atmospheric  pressure. 
a  prcssuie  amounts  to  15  lb,  on  every  square  inch :  how 
I,  can  a  thing  so  firail  as  a  bubble  of  steam  exist  on  the 
M  of  boiling  water  ?   shnply  because  the  elastic  force 
a  steam  within  is  exactly  equal  to  that  of  the  atmos- 
0  wltliout ;  the  liquid  film  is  pressed  between  two  chia- 
which  exactly  nentralizo  each  other.    If  the 
»  predominant,  the  bubble  would  bnrst  from 
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iritliio  outwards ;  if  the  air  were  preJominant,  the  bubU^ 
would  be  crushed  inwards.  Here,  tlien,  we  have  the  true 
dctinitiou  of  the  boiling  point  of  n  liquid.  It  is  that  b 
perature  at  which  the  tension  of  ita  vapour  exactly  balanofift' 
the  pressure  of  the  atmoBphere. 

Aa  we  ascend  a  mountain  the  pressuie  of  the  atmoi 
phere  above  us  diminishes,  and  the  boiling  point  is  corres^ 
pondingly  lowered.  On  an  August  morning  in  1859  ] 
foond  tJie  temperature  of  boiling  water  on  the  summit  of 
Mont  Blanc  to  be  IBi'^b"  Fahr, ;  that  is,  about  27°  lowoi 
than  the  boiliug  point  at  the  Bca  level.  On  August  3, 185a 
the  temperature  of  boiling  water  on  the  Bummit  of  thi 
Fiusteraarhorn  was  187°  Fahr.  On  Anguet  10,  1888,  the 
boiling  point  on  the  summit  of  Monte  Rosa  was  184-92^ 
Fahr.  The  boiling  point  on  Monte  Rosa  is  shown  by  thesa 
Dbaervations  to  be  almost  the  same  as  it  was  found  to  be 
on  Mont  Elanc,  though  the  latter  cieeeds  the  former  in 
height  by  600  feet.  The  fluctuations  of  the  barometer  are 
however  quite  sufficient  to  account  for  this  anomaly.  Th^ 
lowering  of  t!ie  boiling  point  is  about  1"  Fahr.  for  every 
fiflO  feet  that  we  ascend;  and  from  the  temperature  a 
which  water  boils  we  may  approximately  infer  the  cleviv* 
tion.  It  is  said  that  to  make  good  tea  in  London,  boiling 
water  is  essential ;  if  this  be  so  it  is  evident  that  the  bever- 
age cannot  be  procured,  in  all  its  excellence,  at  the  higltel 
Etations  in  the  Alps. 

Let  ns  now  make  an  experiment  to  illustrate  the  do 
pendence  of  the  boiling  point  on  external  pressure.  Here 
is  a  flask,  f  (fig.  35),  containing  water ;  lierc  is  another  and 
a  much  larger  one,  o,  from  which  I  have  had  the  air  i 
moved  by  an  air  pmnp.  The  two  flasks  are  connoetod  to- ' 
gether  by  a  system  of  cocks,  which  enables  me  to  estabiiEb 
a  communication  between  them.  Tlie  water  in  the  small 
flask  has  been  kept  boiling  for  some  time,  the  steam  gen- 
crated  escaping  from  the  cock  y.    I  now  remove  the  spirit 
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lamp  and  tnm  this  cock  ao  aa  to  shut  ort  the  air.  TLo 
vater  ceases  to  boil,  afld  pure  Bteam  now  fiilH  the  flask 
above  it.  Give  the  water  time  to  cool  a  little.  At  inter- 
vals yon  see  a  bubble  of  steam  rising,  because  the  pressure 
of  the  vapour  above  b  gradually  becoming  leas  through  its 
slow  coi)deu§alioa.  I  hasten  the  condensation  by  ])uuring 
cold  water  on  the  flask,  the  bubbles  are  more  copiously 
generated.  By  plunging  the  flask  bodily  into  cold  water 
B  might  cause  it  to  boil  violently.    The  water  ia  now  at 


e  degrees  below  its  ordinary  boiling  point,    I 
torn  tlii<  cock  c,  wliich  opens  a  way  for  the  eaoapo  of  the 
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vapour  into  the  cxLaiiBted  vessel  g  ;  the  moment  tlie  pi 
sure  is  dlminislied  ebullition  seta  in  in  f  ;  aud  ol)servc  J 
the  condensed  steam  shoivers  in  a  kiud  of  nuii  against 
Bides  of  the  exhausted  vcsyel.  By  intentionally  promoti 
this  condensation,  and  thereby  preventing  the  vapour  in 
large  flafik  from  reacting  upon  the  surface  of  the  wat«r, 
can  keep  the  ainall  flask  bubbling  and  boiling  for  a  cooddi- 
erable  length  of  time. 

By  high  heating,  the  clastic  force  of  steam  becomes 
onormoUB,  The  Marquis  of  Worcester  burst  cannon  with 
ii,  and  our  calamitous  boiler  explosions  arc  so  many  illus- 
trations of  its  power.  By  the  skill  of  man  tliia  mighty 
agent  has  been  controUcd :  by  it  Denis  Papin  raised  a  pis- 
ton, which  was  pressed  down  again  by  the  atmosphere, 
when  the  steam  was  condensed ;  Savcry  and  Neweomen 
turned  it  to  practical  account,  and  James  Watt  complet 
the  grand  application  of  the  moving  power  of  heat.  Pi 
ing  the  piston  up  by  steam,  while  the  apace  above  the 
ton  is  in  communication  with  a  condenser  or  with  the  fi'eo 
all',  and  again  pushing  down  the  piston,  while  the  spaco 
below  it  is  in  communication  with  a  condenser  or  with 
lliQ  air,  we  ol)tam  a  simple  to  and  fro  motion,  which,  hjj 
mechanical  arrangements,  may  be  made  to  take  any  foi 
,voplea.c. 

But  llie  grand  principle  of  the  conservation  of  force 
illustrated  here  as  elsewhere.     For  every  stroke  of 
done  by  tlie  steam-engine,  for  every  pound  that  it  liftB,  ai 
for  every  wheel  tliat  it  seta  in  motion,  an  eqtuvalent  of 
disappears.     A  ton  of  coal  furnishes  by  its  eombustii 
certain  definite  amonnt  of  heat.    Let  thia  qnantily  of 
be  applied  to  work  &  steam-engine ;  and  let  nil  the 
oommunicatcd  to  the  machine  and  the  condenser,  and 
tlie  heat  lost  by  radiation  and  by  contact  with  tlie  uir 
collected ;  it  would  ftdl  short  of  the  amount  produced 
tlio  simple  conibuiition  of  the  ton  of  coal,  and  it  would  fa 
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^rt  of  it  by  im  amount  exactly  eqoivaleut  to  the  quantity 
■  work  performed,    Suppose  that  work  to  consist  in  Uli- 
reight  of  7,730  lbs.  u  ibot  liigh  ;  the  lieat  produced 
f  the  coal  would  fall  short  of  its  maximum,  by  a  quantity 
it  to  warm  a  pound  of  water  IC. 
But  my  object  in  these  lectures  is  to  deal  with  nature 
iber  iLun  art,  and  the  lintil^  of  our  time  coinpul  mo 
I  quickly  over  the  triumpha  of  man's  skill  in  the 
^lioatioQ  of  steam  to  the  purposes  of  life,    lliose  who 
t*e   walked   through    the   workshops   of  Woolwich,   or 
rough  any  of  our  great  factories  where  machinery  is  ex- 
jflh-ely  employed,  will  have  been  euffieiently  impressed 
with  the  aid  which  thia  great  power  reudera  to  man.    And 
bo  it  remembei-ed,  every  wheel  which  revolces,  every  chis- 
el, and  plane,  and  saw,  and  punch,  which  forces  its  way 
rough  solid  iron  as  if  it  were  so  much  cheese,  derives  its 
tving  energy  from  the  clashing  atoms  in  the  furnace. 
e  motion  of  these  atoms  is  communicated  to  the  boiler, 
!  to  the  water,  whose  particles  arc  shaken  asunder, 
1  fly  from  each  other  witli  &  repellent  energy  commen- 
tate with  the  heat  communicated.     The  etcam  is  simply 
)  apparatus  through  the   intcimcdiatJon  of  which   the 
nio  motion  is  converted  into  the  mechanical.     And  the 
n  thns  generated  can  rejiroduce  its  parent.    Look  at 
ling  tools ;  look  at  the  boring  in stiumcuts*— streams 
T  f^nsh  over  them  to  keep  them  cool.    Take  up  t!ie 
1  iron  shavings  which  the  planing  tool  has  pared  off; 
B  cannot  hold  them  in  your  hand  they  arc  so  hot.     Hero 
h  racning  force  is  restored  to  its  first  form  ;  the  energy 
«  machine  has  been  consumed  in  reproducing  tho 
r  from  which  that  energy  was  derived. 
most  now  direct  your  attention  to  a  natural  ste.-im- 
ine  which  long  held  a  place  among  the  wonders  of  Iho 
I  allude  to  the  Great  Geyser  of  Icel.-md.     The  stir- 
t  of  Iceland  gradually  slopes  from  the  const  towards  the 
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centre,  where  the  genera]  level  is  about  2,000  feet  aibon 
the  eea.  On  this,  oa  a  pedestal,  are  planted  the  Jiitnll  4 
icy  mountains,  which  extend  both  ways  in  a  nortfa-e&stei^ 
direction.  Along  this  chain  occur  the  active  volcanoes  0 
the  island,  and  the  thermal  ppringa  follow  the  same  gencrij 
direction.  From  the  ridges  and  chasms  which  diverge  from 
the  mountiuns  enormous  masses  of  steam  issue  at  intervals 
hissing  and  roaring ;  and  when  tho  escape  occurs  at  the 
month  of  a  cavern,  tho  resonance  of  tho  cave  often  raises 
the  sound  to  the  loutlness  of  thunder.  Lower  down  in  the 
more  porous  strata  we  have  smoking  mud  pools,  where  a 
repulsive  bhie-black  aluminous  paste  is  boiled,  riung  at^ 
times  in  hugh  bubbles,  which,  on  bursting,  scatter  thei 
(jlimy  spray  to  a  height  of  fifteen  or  twenty  feet.  ~ 
the  bases  of  tho  htJis  upwards  extend  the  glaciers,  t 
above  these  are  the  snow-iields  which  crotvn  the  simmutd 
From  the  arches  and  fissures  of  the  glaciers  vast  r 
of  water  issue,  falling  at  times  in  cascades  over  walls  a 
ice,  and  spreading  for  miles  over  the  coimtry  before  they 
find  dcRnite  outlet.  Extensive  morasses  are  thus  formed, 
which  add  their  comfortless  monotony  to  tlio  dismnl  scene 
already  before  tho  traveller's  eye.  Intercepted  by  the 
cracks  and  fissures  of  tho  land,  a  portion  of  this  water  finds 
its  way  to  the  heated  rocks  underneath ;  and  here,  meeting 
with  tic  Volcanic  gases  which  traverse  these  nndei^om 
regions,  both  travel  together,  to  issue,  at  the  first  c 
nient  opportunity,  cither  as  an  eruption  of  steam  or  a  bol 
ing  spring, 

The  moat  famous  of  these  springs  is  the  Great  Oeyse 
It  consists  of  a  tube  74  feet  deep  and  10  feet  in  diameted 
TJiu  tube  is  surmounted  by  a  basin,  which  measures  fro 
north  to  south  52  feet  across,  and  from  east  to  wort  ( 
feet.  The  interior  of  the  lube  and  basin  is  coated  witbJ 
beaatifnl  smooth  siliceous  pla.-iter,  so  hard  as  to  mdM 
tho  blows  of  a  hammer,  and  the  Erst  question  is,  how  woi 
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^BUi  wonderful  tube  oooBtmctcd — how  was  tMs  perfect 
^misster  laid  on  ?  Chemical  analysia  ehowa  that  the  water 
tiolds  Eilica  in  eolutioD,  and  the  conjecture  might  therefore 
arise  that  the  water  had  deposited  the  eilica  against  the 
Kides  of  the  tabc  and  ba.-^in.  Bat  this  is  not  the  case  :  the 
water  deposits  no  sediment ;  no  matter  how  long  it  may  he 
kept,  no  solid  substance  is  separated  from  it.  It  may  he 
bottled  up  and  presened  for  years  as  clear  as  crystal,  with- 
out showing  the  slightest  lendeftcy  to  form  a  precipitate. 
To  answer  the  (piestion  in  this  way  would  moreover  assume 
ihat  the  Ehaft  was  I'ormcd  by  eomo  foreign  agency,  and 
that  the  water  merely  lined  it.  The  geyser  basin,  however, 
rest*  upon  the  summit  of  a  motmd  about  40  feet  high,  and 
it  is  evident,  from  mere  inspection,  that  the  mound  has 
been  deposited  by  tlie  geyser.  But  in  building  up  this 
md  the  epring  must  Lave  formed  the  tnbe  which  per- 
ntes  the  moujid,  and  hence  the  conclusion  that  the  gey- 
r  ifl  tho  architect  of  its  own  tube. 
If  we  place  a  quantity  of  tho  geyser  water  in  an  evapor- 
g  basin  the  following  takes  place :  In  the  centre  of  tho 
D  the  liquid  deposits  nothing,  but  at  the  sides,  whore 
I  b  drawn  np  by  capillary  attraction,  and  thus  subjected 
►  speody  evaporation,  wc  find  silica  deposited.  Round 
e  «dge  a  ring  of  eilica  is  laid  on,  and  not  until  the  evapo- 
ntion  has  continued  a  considerable  time  do  we  find  tho 
•tightest  turbidity  m  the  middle  of  the  water.  This  exper- 
iit  the  micTOBeopio  representant  of  what  occurs  in 
d.  Imagine  the  case  of  a  simple  thermal  siHceotis 
',  whose  waters  trickle  down  a  gentle  incline ;  the 
'  tliua  exposed  evaporates  speedily,  and  silica  is  de- 
Tliis  deposit  gradually  elevates  the  side  over 
I  the  water  passes  until  finally  the  latter  h.ts  to  lake 
T  course.  The  same  takes  place  here,  the  ground  is 
I  as  iMjforo  and  tho  spring  has  to  move  forward. 
is  compelled  to  travel  round  and  round,  discharg- 
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ing  its  silica  and  deepening  the  sliaft  in  whicL  it  dwcl 
unli!  finaliy,  in  the  course  of  ages,  tbo  eimple  spring 
produced  that  wonderful  apparatus  which  Las  ho  long  pi 
zlcd  and  aGtonished  botli  the  traveller  and  the  philosopher. 

Previous  to  an  emgtion,  both  the  tube  and  basin  are 
filled  with  hot  water ;  detonations  which  shake  tbe  ground, 
are  beard  at  intervals,  and  each  is  succeeded  by  a  violent 
agitation  of  the  water  in  the  basin.  The  water  in  tbe  pipe 
ia  lifted  up  bo  as  to  ionn  an  eminence  in  the  middle  of  the 
basin,  and  an  overflow  is  the  consequence.  These  detoi 
tioQB  are  evidently  due  to  the  production  of  steam  in 
ducts  which  feed  the  geyser  tube,  which  Eteam  escapi 
into  the  cooler  water  of  the  tube  ia  there  suddenly  con* 
dcnscd,  and  produces  llie  explosions.  Professor  Bimsen 
succeeded  in  determining  tlie  temperature  of  the  geyser 
tube,  from  top  to  bottom,  a  few  minutes  before  a  great 
eruption ;  and  these  obaenations  revealed  the  extraordi- 
nary fact,  that  at  no  part  of  the  tube  did  the  water  reach 
its  boiling  point.  In  tbo  annexed  sketch  (fig.  30)  I  bavo 
given,  on  one  side,  the  temperatures  actually  observed,  and 
on  tbe  other  side  the  temperatures  at  which  water  would 
boil,  taking  into  account  both  tbe  pressm'c  of  the  atm< 
phere  and  tbe  pressure  of  the  supetincumbenl  column 
water.  Tbe  nearest  approach  to  the  boiling  point  ia  at 
a  height  of  30  feet  from  the  bottom ;  but  even  here 
water  is  2°  Centigrade,  or  more  tlian  Si"  Fahr.  below  the 
temperature  at  which  it  could  boil.  IIow  then  ia  it  pos- 
eiblo  that  an  eruption  couM  occur  imder  such  circom^ 
stances  ! 

Fix  your  attention  upon  the  water  at  the  pcunt 
where  the  temperature  is  within  2°  C.  of  the  boiling  poll 
Call  to  mind  the  lifting  of  the  column  when  the  detoi 
tions  are  heard.  Let  us  suppose  that  by  the  entrance 
steam  from  the  ducta  near  the  bottom  of  the  tube, 
geyser  column  ia  elevated  6  feet,  a  height  quite  within 
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limits  of  actoal  observation ;  tlie  water  at  a  ia  thereby 
transferred  to  b.  Its  boiling  point  at  a  is  123*8°,  and  its 
aetoal  temperature  121'8° ;  but  at  b  its  boiling  point  is 
only  120'8?,  hence,  vhen  transferred  from  a  to  b  the  heat 
which  it  posaessea  is  in  excess  of  that  nocessary  to  make  it 
boiL  Hiis  excess  of  heat  is  instantly  implied  to  the  gen- 
etstion  of  steam :  the  column  is  thus  lifled  higher,  and  tho 


water  below  is  Airther  reliercd.    More  steam  is  generated ; 
from  the  nuddle  downwwds  the  moss  snddenly  borstB  into 
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lOition,  the  water  above,  mixed  with  stciun  clouds,  is 
Rtjectcd  into  the  atmosphere,  and  we  have  the  geyser 
a  all  its  grandear. 
By  its  contact  with  the  air  the  water  is  cooled,  falls 
L  into  the  basin,  partially  refiUs  the  tube,  in  which  it 
Jly  rises,  and  finally  fills  the  ba^in  aa  before.    Deto- 
idoBS  are  heard  at  iutorvals,  and  ridings  of  the  water  in 
e  basin.    These  are  so  many  futile  attempts  at  an  erap- 
ti&li,  for  not  until  tbe  water  in  the  tube  comes  suiGciently 
uar  its  boiling  temperature,  to  make  the  lifting  of  tbe  col- 
umn efleotivo,  can  wo  huvo  a  true  eruption. 

e  owe  this  beautiful  theory,  and  now  let 

■  try  to  justify  it  by  experiment.    Here  is  a  tube  of  gal- 
i  iron,  a  feet  long,  a  b  (fig.  3V),  and  surmoonted  by 

t  basin  en.    It  is  heated  by  a  fire 
Tiuitb ;  and  to  imitate  as  far  as  . 

mblc  tlie  condition  of  the  geyser, 

,  Ibave  encircled  the  tube  by  a  second 
fire  F,  at  a  height  of  2  feet  from  iho 
bottom.  Doubtless  tbe  high  tem- 
perature of  the  water  at  the  corros- 
"ing  part  of  the  geyser  tube  ia 
)  to  a  local  action  of  the  hcattnl 
I  fill  the  tube  with  wat 
wioA  gradnoUy  becomes  heated  ;  and 
regnlarly,  e^'ery  five  minutes,  the  wa- 
ter U  ejected  from  the  tube  into  the 
aimoaphero. 

But  tliore  is  anotlier  famous  spring 
in  Iceland,  called  the  Strokbur,  wbich 

■  nanally  forced  to  exj>lode  by  stop- 
[  ita  mouth  with  clods.  We  can 
tall)  tli«  action  of  this  spring  by 

;  tbe  mouth  of  our  tube  a  b  with  a  cork.    T  do 
i  now  the  heating  progresses.     Tlio  steam  below 
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will  finally  attain  siiffident  tendon  to  eject  the  cork,  a 
the  water,  suddenly  relieved  from  tlie  pressure,  ■ 
burst  forth  in  the  atmosphere.  There  it  goes  I 
mling  of  this  room  is  nearly  30  feet  from  the  floor,  1 
the  emption  has  reached  the  ceiling:,  from  which  1 
water  now  drips  plentifully.  In  fig,  38,  I  have  j 
section  of  the  Strokkur, 

By  stopping  the  tube  with  corks,  through  which  tab* 
of  varions  Icngtlia  and  widths  pass,  the  action  of  many  of  ^ 
the  other  emptiva  springs  may  be  accurately  imitated. 
Here,  for  example,  I  h.ave  an  intermittent  action ;  dis- 
charges of  water  and  impetuous  steam  gasbQS  follow  each 
other  in  quick  succession,  the  vratcr  being  squirted  in  jets 
15  or  20  feet  high.  Thus,  it  is  proved  experimentally, 
that  the  geyser  tube  itself  is  the  sufficient  cause  of  the 
emptions,  and  we  are  relieved  from  the  necessity  of  ima- 
gining underground  caverns  filled  with  water  and  steam, 
which  were  formerly  regarded  as  necessary  to  the  produc- 
tion of  these  wonderful  phenomena. 

A  moment's  reflection  will  BUggost  to  na  that  1 
must  be  a  limit  to  the  operations  of  the  geyser.  ~ 
the  tube  has  reached  such  an  altitude  that  the  water  in  iba 
depths  below,  owing  to  the  increased  pressure,  cannot  at- 
tain il8  boiling  point,  the  eruptions  of  necessity  ceaac.  The 
spring,  however,  continues  to  deposit  its  silica,  mid  often  I 
forms  a  Xaug  or  cistern.  Some  of  those  in  Iceland  are  4^!^ 
feet  deep.  Their  beauty,  according  to  Bunsen,  is 
ecribable ;  over  the  surface  curls  a  light  vapour,  the  ■» 
is  of  the  purest  azure,  and  tints  witli  its  lovely  hue  the  fu 
tastio  incrustations  on  the  ciatem  walls ;  while,  at  the  I 
torn,  is  often  seen  the  mouth  of  the  once  mighty  geyser.  ' 
Tiicre  are  in  Iceland  vast,  but  now  extinct,  geyser  opera- 
tions. Moonda  are  obson-ed  whoso  shafts  are  filled  with 
rubbish,  the  water  having  forced  a  passage  nnderaeath  a 
retired  to  other  scenes  of  action.    Wo  have  in  fact  1 
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geyser  in  its  youth,  manhood,  old  age,  and  death,  here  pre- 
sented to  US.  In  its  youth,  as  a  simple  thermal  spring ;  in 
its  manhood,  as  the  eruptive  column ;  in  its  old  age,  as  the 
tranquil  JLaug ;  while  its  death  is  recorded  by  the  ruined 
shaft  and  mound  which  testify  the  fact  of  its  once  active 
existence. 


APPENDIX  TO  LECTURE  TV." 


[Gicin  at  tit  Hoyal  ImtUatioit  On  Friday,  Jaavarg  2T,  ISM.] 

Ik  the  jcai  1605,  M.  Scliwartz,  an  inspector  of  one  of  the 
BincUiug  works  in  Saxonj,  placed  a  cup-shaped  mass  of  hot  silver 
u]>oti  a  cold  anvi],  and  n'oa  Burpiiscd  lo  find  that  musical  toiies 
proceeded  from  the  mass.  In  the  automn  of  the  same  year,  Pro- 
fessor Gilbert  of  Berlin  visited  the  smelting  works  and  repeated 
the  experiment.  He  observed,  that  the  somids  were  accompanied  _ 
by  a  quivering  of  the  litit  silver,  itnd  tbnt  when  the  Tibratu 
ceased,  tie  sound  ceaaed  aiao.  Professor  Gilbert  merely  stjitod  t] 
facts,  and  made  no  attempt  to  explain  them. 

In  the  year  182B,  Mr.  Arthur  Trevelyan,  being  engaged  ( 
spreading  pitch  with  a  hot  plastering  iron,  and  once  u 
that  the  iron  was  too  hot  for  his  purpose,  ho  laid  it  si 
against  a  block  of  lead  which  chanced  to  be  at  hand ; 
note,  which  he  compared  to  that  of  the  chanter  of  the  B 
Northumberland  pipes,  proceeded  from  the  mass,  and,  t 
inspection,  he  observed  that  the  heated  iron  was  in  a  state  of  n 
bration.  He  was  induced  by  Dr.  Reid  of  Bdinbm^h  to  piH 
the  BUhjcct,  and  the  results  of  his  numerous  eiperimenta  B 
HUlwequently  printed  ia  the  Transactions  of  the  Royal  Society  4 
Edinburgh. 

On  April  1,  1B31,  thesa  Bingular  sounds  ami  vibrations  forn 
the  subject  of  a  Friday  evening  discourse  by  Professor  FariidByJ 
the  Royal  Institution.    Profeasor  Faraday  expanded  and  fi 
established  the  explanation  of  the  sounds  given  by  Mr.  Trevel; 
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:.  i  .Sir  Johu  Leslie.  He  Tcferred  tlicm  to  the  tapping  of  Uie  hot 
. '--  apiiii^L  tbe  cold  one  nnderncstb  it,  thv  taps  being  in  many 
-' !  BUliirittitlj  quick  to  produce  a  liigh  masicul  nute.  Tbo  a[- 
'  'i^ico  cxpuuion  and  contraction  of  tbe  coltl  luaa)  at  tlie  points 
DiTc  liic  Uol  lockcr  descends  upon  it,  lie  regarded  as  thi'  bus- 
.:ring  potrcr  of  the  vibtations.  The  superiority  of  lead  lie  as- 
rik-d  Ui  its  great  cxpanubilitj,  combined  with  ita  feeble  poner 
L-.'oductiou,  which  latter  prevented  the  heat  from  being  qulck- 
7  iliSiuod  through  the  masa. 

Pn>fe*«">r  J.  D.  Forbes  of  Edinburgh  was  prtsent  at  this  lee* 
tare,  and  not  feeling  satisfied  with  the  explanation,  undertook  the 
fiTtiwr  extuuiiifltion  of  the  subject ;  his  results  are  described  in 
a  liighly  ingcsioiu  paper  communicated  to  the  Royal  Society  of 
:.  iiiibnrgb  in  1833.  lie  rejects  the  explanation  supported  by 
.'■'■•?aear  Faraday,  and  refers  the  yibrotione  to  'a  new  B])ccte«of 
otianicul  agency  in  hcAt* — a  repulsion  exercised  by  the  bent 
~clf  on  psuuing  from  a  good  conductor  to  a  bad  one.  This  con- 
dnuon  is  bujcd  upon  a  number  of  general  laws  established  by 
Probeor  Forbo.  If  these  laws  be  correct,  then  indee<l  a  grrat 
tttf,  hail  been  taken  towards  a  knowledge  of  tbe  intimate  nature 
nf  heat  itself,  and  this  consideration  was  the  lecturer's  principal 
Kiin&lus  in  resuming  the  exaniination  of  the  subject. 

He  had  already  made  aonie  experiments,  ignorant  that  tbe  sub- 
jact  had  beca  farther  treated  by  Beebeck,  until  informed  uf  the 
iMt  by  Profesor  Magnus  of  Berlin.  On  reading  Beehech'B  inter- 
Ming  paper,  he  found  that  many  of  the  reeults  which  it  was  his 
btntbiD  (n  seek  had  been  already  obtained.  The  portion  of  the 
oljoct  which  remained  untouched  was,  however,  of  sufficient  iu- 
Itnst  to  inducH  him  to  prosecute  his  original  intctttion. 

Tlw  ifCDeral  laws  of  Professor  Forbes  were  submitted  in  eiiccc§- 
I  to  ui  experimental  examinadon.  The  first  of  thcee  lows 
•  that '  (A<  mbratvmt  necrr  tale  place  Itiuan  suhftarieu  of  the 
This  the  lecturer  found  to  be  generally  the  ens*  when 
It  rocker  rented  upon  a  \^tk,  at  on  the  edge  of  a  thick  plate 
B  metal;  but  tlie  caau  waa  quite  altered  when  a  thin 
f  tnctal  wna  used.  Thus  a,  copper  rocker  laid  upon  the 
j-pl«ce  did  not  vibrate  pennaneutly ;  but  when  tlie 
a  ant  by  a  hammer,  go  afl  to  present  a  thin  ehnrp 
%  vibrations  wero  obtained.    A  nlvcr  rocker  reslhig 
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resting  on  the  edge  of  ft  half-crown  rofiiscJ  Id  Tibmte  p 
but  on  the  edge  of  a  aipence  continuuiu  Tibr&tiona  ne 
An  iron  rocker  on  the  eilge  of  a  dinner  knife  gave  Co 
bmtious.  A  flat  bnias  rocker  placed  upon  the  points  of  tno  ci 
mon  brosa  pins,  and  having  its  handle  Euitably  supported,  g 
distinct  vibrations.  Is  these  experiments  the  plfttca  and  [ 
•were  fijied  in  a  vice,  and  it  waa  found  that  the  thinner  the  p 
witliia  its  UmitBofrigidity,  the  more  certain  and  striking  wi 
effect.  Vibrations  were  thus  obtained  with  iron  on  iron,  o 
on  copper,  brass  on  brass,  zinc  on  zinc,  silver  on  silver,  t 
tin,  The  list  might  be  extended,  but  the  oases  cited  u 
to  show  that  the  proposition  above  cited  ciumot  be  i 
expressing  a  ^geocrul  law.' 

The  second  general  law  cnundatcd  hj  ProfesiKir  Forbes  is 
'  holh  tiiJiOaneca  miuf  be  metaUk.'      Tlus  is  the  law  which  fit 
tracted  the  lecturer's  attention.    During  the  progress  of  a  Itind) 
onqttiry,  he  had  discovered  that  certain  non-metallic  bodies  4 
endowed  with  powers  of  conduction  far  higher  than  liaa  I 
hitherto  supposed,  and  the  thought  occurred  to  him  that  ti 
bodies  might,  b;  suitable  treatment,  be  made  to  supply  the  p! 
of  metals  in  the  production  of  vibrations.    This  anticipation  il 
realized.    Rocks  of  diver,  copper,  and  brass,  placed  i 
natural  edge  of  a  prism  of  rock  crystal,  gave  distinct  tones ; 
the  clean  edge  of  a  cube  of  fluor  spar,  the  tones  wuru  still  n 
musical ;  on  a  mass  of  rock-»ilt  the  yibrations  were  very  for 
There  is  scarcely  a  substance,  metallic  or  non-metallic,  o 
vibrations  can  bo  obtuned  with  greater  case  and  certainty  tl 
on  rock-salt.    In  most  ca^ea  a  high  temperature  is  11 
tlie  production  of  the  tones,  but  in  the  cose  of  rock-salt  the  t 
perature  need  not  eiceed  that  of  the  blood.    A  new 
property  is  thus  found  to  belong  to  this  already  remarkabk  si 
stance.     It  is  needless  to  enter  into  a  full  statement  regardingJl 
various  mincruls  submitted  to  esperiment.    Upwards  of  V 
non-metallic  subHtances  had  been  examined  by  the  lecturer,  a 
distinct  vibralioas  obtwned  with  every  one  of  them. 

Tbe  number  of  esccptions  here  exhibited  far  eicccds  L 
the  substances  which  are  mentioned  in  the  paper  of  Profu 
Forbts,  und  are,  it  was  imagined,  Bufficient  to  show  that  1' 
ond  general  Uw  is  tmleriiible. 
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The  tlilnl  g«ner&l  law  Btatee,  tii&t  'M«  tribratimit  talx  pVice 

«M  ua  inUn^s  prnpnrtional  (within  cerfun  limits)  U>  Uui  differ- 

MUt^if  the  afadvetiny  poicen  of  the  Tnstali  /or  heat,  tie  meUil  having 

lb  ttati  MnJiatft'njr  potetr,  leinff  ntfumnlj/  the  eoltUtt.'     Tho  ovi- 

daiea  wldiic«d  agaimt  tbe  fit«t  law  appeara  to  destraj  this  ono 

■Im;  Ibr  if  tbo  inlenstty  of  tlie  vibrntions  be  proportional  to  tlie 

iUlawtix  of  the  cnndticticg  powers,  tbeii,  where  there  ia  no  bucU 

AbfsciOi  there  ought  Ui  he  no  Tibrationi.     But  it  has  Iwcd 

porml  in  half  b  down  casea,  that  vibrations  occur  between  dilTw- 

mt  pieoM  of  the  same  metal.    The  cooiLlition  atatcd  by  Professor 

'■■rli«  was,  however,  reversed.    Silver  stands  at  tbe  bead  of  con- 

iiinore;  ft  strip  of  the  mctol  wna  fixed  in  a  vice,  and  hot  rockers 

.  !  irtiK^  capper,  and  iron,  were  successively  laid  upon  its  edge : 

iLn.n  vilirations  were  obtained  with  all  of  them.    Vibrfttions 

.1  [i!;^i  obtained  with  a  brara  rockci  which  rested  on  the  edge 

.  ImIi'  -'ivi-reign.    These  and  other  CTperiments  show  that  it  is 

;  rjLi.i.';>.irj  tliat  the  worst  conductor  ehoulil  be  tho  coUl  metal, 

iifHxmtil  in  the  third  general  law  above  quoted.    Among  the 

lab,  aotimony  and   biamulh  were   found   perfectly   inert   by 

MiiMwir  Forlw«;  tbe  lecturer  however  had  obtained  musical 

!!it  from  both  of  these  substances. 

The  superiority  of  lead  as  a  cold  block,  Professor  Faraday,  as 
ri  »dy  stated,  referred  to  its  high  enpatuibility,  combined  with 
jjs  (leflcicot  oundocting  power.  Against  this  notion,  which  he 
t  to  be  '  an  obvious  oversight,'  Professor  Forbes  contends 
,  btgenlotu  and  apparently  unanswerable  manner.  The  vi- 
be iirgc",  depend  upon  the  difference  of  temperature 
aiadnj2  between  tho  rocker  and  the  block  ;  if  tho  latter  be  a  bad 
canilttctnr  ami  rctutu  tho  heat  at  its  surface,  the  tendency  is  to 
Iviag  Ivith  tbe  suTlacis  in  contact  to  the  same  temperature,  and 
Ihni  to  stop  the  vibration  instead  of  eialting  it.  Farther ;  the 
pTMtti  the  fimntity  of  heat  ti'ansmitted  from  tho  rocker  to  the 
Uoek  during  contact,  the  greater  must  be  the  eipansion;  and 
lirnce,  tf  Ibr  rihrntiotts  be  due  to  this  cause,  tho  effect  must  be  a 
Duxintinn  wlien  tho  block  in  the  beat  conductor  possible.  But 
PmroKor  Forbca,  in  Ihi*  argument,  secinB  to  have  used  tbe  term 
upatwiaa  in  Iwu  different  scnncs.  Tbe  expanMon  which  produces 
Ihe  nbraliOD  U  the  sudden  liiibcnvnl  of  the  point  where  the 
hot  rocker  comoa  in  contact  with  the  cold  maas  underitcath  :  but 
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the  expansion  due  to  good  conduction  ivould  be  an  expansioall 
the  general  mass.     Imagine  the  coniluctive  i«iwer  of  the  blocfca 

bo  infinite — that  is  to  tay,  that  the  heat  imparted  by  tbe  rocket^l 

iostontly  diffused  eqtJDlly  throughout  the  bloclc ;    tlien,  though 
tbe  general  cxpansioii  might  be  very  great,  the  locnl  expansion  at 
the  point  of  contact  would  be  wanting,  and  no  vibrationa  would 
be  poBH-blc,    The  ineritable  consequence  of  good  conduction  is, 
to  causu  a  suddea  abstraction  of  the  heat  from  the  point  of  con- 
tact of  the  rocker  with  the  substaneo  undemeatb,  and  this  the 
lecturer  conceived  to  bo  the  precise  reason  why  Professor  Forbes 
hod  failed  to  obtain  vibrationa  when  the  cold  metal  WM  a 
conductor.    He  made  use  of  bloeka,  and  the  abstraction  of  fa 
from  the  place  of  contact  by  the  circumjacent  mass  of  metal,  M 
BO  sudden  as  to  estinguiah  the  local  elevation  on  which  the  v 
lions  depend.    In  the  esperimenta  described  by  the  lecturer,  tl 
abstraction  was  to  a  great  extent  avoided,  by  reducing  the  med 
lie  masses  to  tUiu  laminm;  and  thus  the  very  experiments  addue 
by  Professor  Forbes  against  the  theory  supported  by  Profoai 
Faraday, -appear,  when  duly  considered,  to  be  converted  i 
strong  corroborative  proofs  of  the  correctness  of  the  views  of  It 
philoaopbcr  last  meutioned. 


EXTRACT  FROM  A  P.VPEB  ON  POMi:  PUVEICAL  rfiOPEETlES  0 


In  a  very  interesting  paper  commnuicatcd  to  tlio  British  i 
elation  during  ila  last  meeting,  Mr.  James  Thomson  has  explai 
the  freezing  together  of  two  pieces  of  ice  at  83°  Fahr.,  i 
lowing  manner: — 'The  two  pieces  of  ice,  on  being  pressed  t 
gcther  at  their  point  of  contact,  will  at  that  place,  in  virtue  of  tt 
pressure,  be  in  part  liquefied  and  reduced  in  temperature,  nod  d 
cold  evolved  in  their  I  i  que  faction  will  cause  some  of  tbe  liq  ' 
film  intervening  between  the  two  masses  to  freeze.' 

I  am  fat  from  denying  the  operation  under  proper  drcid 
stances  of  the  wra  <m«*i  to  which  Mr.  Thomson  refere,  hnt  I  fl 
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not  Hunk  it  explains  the  facts.  For  freeaang  takes  place  without 
the  intarrontion  of  any  pressnra  by  whkb  Mr.  Ttiomsoc's  effect 
^i^old  Bunsblj  come  into  play. 

Il  ia  not  neosxar;  to  squeeze  tbe  piecra  of  iCB  together ;  ono 
.;  may  be  Kiuply  luid  apoa  the  other,  and  they  will  stiU  frwae, 
■;  .IT  subetJuittM  besides  ic«  arc  also  eapable  of  biung  frozen -to 
'  iev.  If  a  Uiwui  be  folded  round  a  piece  of  ice  ut  32°  the  totrcl 
I  ico  will  freeze  together.  Flaimel  is  etill  better ;  a  piece  of 
'.iioel  wrapped  ronnd  a  piece  of  ice,  freezes  to  it  Bomettmes  so 
firmly  that  a  atrong  tearing  force  is  neceasary  to  sqjarate  both. 
Cott'ia.  wool,  and  hair  may  also  be  frozen  to  ice,  without  the  in- 
terrention  of  any  pressure  which  would  render  Mr.  Thomson's 
cause  sensibly  active. 

Bat  there  is  a  class  of  effects  to  the  esphmation  of  nlilcfa  tho 

lowing  of  tbe  freczing  point  of  water,  by  presaure,  may,  I  think, 

b«  jiropcrly  applied.    The  following  atatement  ia  true  of  fifty  ex- 

,'-  ritncnts,  or  more,  made  witb  ice  from  various  quarters.     A  cyl- 

li-T  of  ice,  two  indies  high  uud  an  inch  in  diameter,  waa  placed 

'wfen  two  elabs  of  box-wood,  and  BUbmittod  to  a  gradually 

(i-aaing  pressure.      Looked   at    pcrpondtcularly  ttf  the   asis, 

■liiily lines  wero  seen  drawing  tbemBelves  across  the  cylinder; 

I  wbtm  the  latter  was  looked  at  obliquely,  these  lines  woro 

'>iiii<l  to  bo  section.')  of  dim  lu^  sur&ces  which  traversed  tho 

rjliniler,  and  gave  it  an  appearance  closely  resembling  tha,t  of  a 

ojrtal  of  gypaiini  wlioie  planes  of  cleavage  had  been  forced  out 

of  iipdcal  contact  by  some  external  force. 

~'  ;,  39  represents  tho  cylinder  looked  at  perpendicularly  to 
a,  4nd  Sg.  40  the  same  cylinder  when  looked  at  obliquely. 

Vis.  10.  FIff.  40. 
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To  ascertain  whether  the  rapture  of  optical  contact  1 
Uicse  experimeiits  discloMd  was  due  to  tils  intnuioo  of  a 
tween  two  soparatHl  eurfkccs  of  ice,  a  cylinder  of  ice,  t 
long  and  one  incli  wide,  vaa  placed  in  a  coppi^r  Tcssel  confa 
ice-cold  n'ater.  The  ice  cjlinder  projected  half  an  inch  aboi 
snrfuce  of  the  water.  Placing  the  copper  resael  on  H 
wood,  and  a  BCCond  slab  of  noMl  upon  the  cylinder  of  U 
whole  yiaa  subjected  to  pre^ure.  WItvn  the  tuut;  aurface* 
well  developeil  in  the  portion  of  ice  aburo  the  wati;r,  the  ej, 
i  removed  and  eiamincd.  The  planes  of  niptare  exti 
|-  throughout  the  entire  length  of  the  cjiindor,  just  the  Bi 
[  had  been  Bqaeezed  in  free  air. 

Still  the  removal  of  the  cylinder  from  ita  Tesael  might  i 
tended  with  the  intrusion  of  air  into  the  fisurcfl.  I  '  ~ 
placed  a  cylinder  of  ice,  Iwo  indies  long  and  one  inch  v 
Btout  Teasel  of  glass,  which  was  filled  with  ice-cold  W4t«r,  8j 
ing  the  wbolo,  as  in  the  last  experiment,  the  eurfaces  of  diaO 
nity  were  seen  wu/er  tlia  liquid  quite  oa  diirtinctty  aa  in  air. 

The  BurfacoB  are  duo  to  compression,  and  not  to  any  U 
•anndcr  of  the  maea  by  tension,  and  they  are  boat  der4 
-  irbcre  the  pressure,  within  the  limits  of  &ncture,  ban 
I  A-  cylindrical  piece  of  ice,  one  of  whose  ends  was  not  psral 
I-flie  other,  was  placed  between  slabs  of  wood  and  subjee 
r^«9SUTe.    Fig.  41  shows  the  dispo^tiDn  of  the  esperiment,. 


Flg.4L 


effect  npon  the  Ice-cjUodcr  was  that  shown  in  flg.  41),  ti 
fiiccs  being  developod  along  that  sido  which  had  fia0er4 
preesoro. 


LIQDEFACnON  OF   ICE   BY   rEESBCBE. 


15] 


s  the  eurfocca  conuneQCc  nt  the  ccntro  of  the  cjlin- 

A  dim  HOiftll  spot  in  first  observed,  which,  as  the  pressure 

looes,  expnnds  imtil  it  twmetimi-'S  cmbracca  the  vntue  trana- 

iif  the  cylinder, 
Q  exon^mng  tbeac  surfuccs  with  a  pocket  lens,  they  appeared 
e  to  be  eomposed  of  rei;  minute  natcr-porcela,  like  what  ia 
1  upon  a  emouth  cold  Burtaoe  bj  the  act  of  breathing. 
WtK  they  either  racuoua  plates,  or  plates  filled  with  air,  their 
upect  ironld,  on  optical  gronailB,  be  tar  inoro  ririd  than  it  really 

A  cnncATe  mirror  waa  so  disposed,  that  the  diffused  light  of 

I.I  was  th^>^vll  full   upon  the  cylinder  while  under  pressure. 

''rierring  the  expanding  surfacM  through  a  lens,  thoy  appeared 

ia  a  (tote  of  intense  commotion;  this  was  prohably  due  to  the 

Dakealar  tviwiuuB  of  the  Utile  water-pnrcelti.    Tlib  motion  fol- 

tptnd  dceely  on  the  edgu  of  the  surfiice  as  it  advanced  through 

dn  M>Ud  ioe.    Once  or  twice  I  obgerretl  the  hazy  surfaces  pio- 

Mend   tliTOUgli  the  moss  by  dim  ofishuots  apparently  liquid. 

TLef  coi»titut«d  a  kind  of  negative  ciystalliiation,  having  the 

eiKt  form  of  the  crystalline  epinca  and  spurs  produced  by  the 

■  '"■fdatlon  of  water  upon  a  surface  of  gloss.    I  have  no  doubt, 

.:  Ti,  that  these  surfaces  arc  produced  by  the  liquefaction  of  the 

'.A  in  planus  jjcrpeudicular  to  the  direction  of  pressure. 

The  Borfnccs  are  developed  with  great  facility  when  they  cor- 

[toaii  to  the  euT&ces  of  foxxiog.    By  care  I  succeeded  in  some 

.1  in  producing  ainular  effecta  in  surfaces  at  right  angles  to  tbo 

'  :''«uf  frcvxUtg,  but  thia  waa  difficult  and  uncertulu.  Wherever 

..  liijuid  diakB  before  dcscriljcd  were  observed,  the  Binfttccs  wtro 

■'r.jt  eadlj  developetl  in  the  planes  of  the  diskB. 


i 


"TTT^IIEN^EVER  a  difficnlt  expedition  is  undertateo  io 

VV  t!ie  Alps,  the  experienced  monntiineer  commeniM 
the  day  at  &  slow  pace,  bo  tliat  when  the  real  hour  of  t ' 
arrives,  he  ma;  find  himself  hardened  instead  of  cxhauatd 
hy  his  previons  Borlc  We,  to-d;iy,  are  about  to  enter  < 
a  difficult  ascent,  and  I  propose  that  we  conunenoe  it  in  tj 
Bamo  s))irit ;  not  with -a  flush  of  enthusiasm  which  I 
necessity  of  labour  extinguit^hes,  but  with  pAtient  i 
determined  licai'la  n'liicb  will  not  recoil  should  &  dtSot 
arise. 

I  liavo  hero  a  lead  weight  attached  to  a  etriug  whi 
passes  over  a  pulley  at  the  top  of  the  room.  We  kn^ 
that  the  earth  and  the  weiglit  are  mutmilly  attractive ; 
weight  now  rests  upon  tho  earth  and  exerlH  a  certtun  p 
lire  upon  its  Biirfiico,  Tlie  oaith  and  tho  weight  1 
toucft  each  other ;  their  mutual  altr.ictions  are  as  far  I 
possible  Batialied,  and  motion  ^3y  their  mutual  approac^fl 
no  longer  jKissible.    As  far  as  the  attraction  of  gravitj^ 
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Ticenied,  the  possibility  of  prodacing  motion  censes  as 
-jon  as  the  two  attracting  bodies  are  actually  in  conttct, 
I  draw  up  this  weiglit.    It  ia  now  fiiiBi>ended  at  a  height 

■  f  sixteen  feet  above  the  floor  ;  it  ia  just  aa  motionless  as 
.hen  it  rested  on  the  floor;  but  by  introducing  a  space 

'i  iwoen  the  floor  and  it,  I  entirely  change  the  condition 
t  ihe  weight.  By  raising  it  I  have  conferred  upon  it  a 
;r,n  I  ion-producing  power.  There  ia  now  an  action  possible 
i  I  ii,  which  was  not  possible  when  it  rested  upon  the  earth ; 
.  •■an  fall,  and  in  its  descent  can  turn  a  machine  or  per-  i 
:'nti  other  work.  It  has  no  energy  as  it  hangs  there  dead 
.uid  motionlei!s  ;  but  energy  is  passible  to  it,  and  wo  might 
fairly  nse  the  term  possible  energy,  to  express  this  power 
of  motion  which  the  weight  possesses,  but  which  has  not 
T't  been  exercised  by  falling ;  or  we  might  call  it  '  poten- 

■  .!  cnct^,'  as  eomc  eminent  men  have  already  done.  This 

UHtial  energy  ia  deriveil,  in  the  case  before  us,  from  the 

U  of  gravity,  which  pull,  however,  has  not  yet  eventuated 

notion.     Bnt  I  now  let  the  string  go ;  the  weight  falls,  . 

I  rvacJios  the  earth's  snrface  with  a  velocity  of  tliirty-two  ' 

\%  second.    At  every  moment  of  descent  it  was  pulled 

I  by  gravity,  and  its  final  moving  force  is  the  smuma- 

r  tlie  pulls.     While  m  the  act  of  falling,  the  energy 

e  weight  is  active.     It  may  be  called  actual  energy,  in 

IfaiHdfl  to  potufiblt ;  or  it  may  be  called  dynamic  energy, 

lbttth«siR  to  potmlial,  or  we  might  call  the  energy  with 

'  h  the  weight  descends  mooing  force.    Do  not  be  inat- 

!  to  these  points ;  we  must  be  able  promptly  to  dis- 

1  between  energy  in  Hon  and  energy  m  action. 

r  All  then,  let  ns  talie  the  terms  of  Mr.  Rankine, 

G  energy  in  store  *  potential,'  and'  the  energy  in 

If,  after  this,  I  should  use  the  terms 

^  bt  his  admlnbtr  memoir  on  '  Pic  EtUnJltiiig  dor  Kraft,' 

(lM7),dMd»d  nil  eocrsr  bto  7;i»i™  and  ri.  rivu.     (Spnimli.ruru;  und 
I'l'CndigtKriftc.) 
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'  possiblo  energy,'  or  '  dynamic  energy,'  or  '  moving  flj 
you  wiJl  have  no  difficulty  in  Boxing  the  exact  idea  to ) 
terms.    And  remember  exactneiiis  is  here  esBcntial. 
must  not  now  tolerate  vagueness  in  our  conceptions. 

Our  weight  started  from  a  height  of  sixteen  feet! 
us  fix  our  attention  upon  It  after  it  hae  accompliBhed.j 
first  foot  of  its  fall.    The  total  pull,  if  I  may  ui 
to  be  expended  on  it  has  been  then  diminifihed  b; 
amount  expended  in  its  passing  through  the  first  foot, 
the  height  of  tifteen  feet  it  has  one  foot  Icea  of  pot 
energy  than  it  poasesscd  at  tbo  height  of  sixteen  feel 
at  the  height  of  fifteen  feet  it  tias  got  an  equivalent 
of  dynamic  or  actual  energy  wliich,  if  reversed  In  di 
would  raise  it  again  to  its  primitive  height.    Hence  as\ 
teutial  energy  disappears,  dynamic  energy  comes  into  p 
Throughout  the  universe  tlie  sum  of  t/iese  two  mergU 
constant. 

It  ia  as  yet  too  eaily  to  refer  to  organic  procesaea,; 
could  we  obser^'o  the  molecular  condition  of  my  arm 
drew  up  that  weight,  it  would  be  seen  that  in  accomj 
ing  this  mochanlcal  act,  an  equivalent  aiuoimt  of  | 
other  form  of  motion  was  consumed.  If  the  weight  ■> 
raised  by  common  heat,  a  portloTi  of  heat  would  difiap 
exactly  equivalent  to  tJie  work  done.  The  weight  is  a 
one  pound,  and  to  raise  it  sixteen  feet  would  conaon 
much  heat  as  would  raise  tlie  tempcraturo  of  a  cubio 
of  air  about  1  °  F.  Conversely,  this  quantity  of  heat  w 
be  generated  by  the  falling  of  the  weight  from  a  lieigl] 
sixteen  feet.  It  ia  easy  to  see  that,  if  the  force  of  gn 
were  immensely  greater  than  it  is,  an  immensely  gr 
amount  of  heat  would  have  to  bo  expended  to  misi 
weight.  The  greater  the  attraction,  the  greater  wonl^ 
the  amount  of  heat  necessary  to  overcome  It ;  but  conv 
the  greater  wotJd  bo  the  amoimt  of  heat  which  a  f^ 
body  would  tlien  dcvcloj>e  by  Its  collision  with  the 
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nog  made  onr  miudB  olear  Uiat  bent  is  consumed 
1  weJglit  ia  forcibly  separated  from  the  earth  by  tlua 
and  that  thu  amoiint  of  beat  consumed  depends  on 
the  energy  of  the  altractiug  force  overcome,  we  must  turn 
Ihew  coDC«ptiouj<,  regiirding  sendble  mosses,  to  account, 
in  ranning  coDC«ptions  regarding  insensible  masses.  As 
on  inteUcctual  act  it  is  qtiitc-ajs  easy  to  conceive  of  llie  ficp- 
atUioQ  of  two  mutually  attracting  atoms,  aa  to  conceive  of 
t  Mparation  of  the  earth  and  weight.  1  have  already 
~l  occasion  to  refer  more  than  once  to  the  energy  of 
bcular  forces,  and  here  I  have  to  return  to  the  subject, 
y  locked  together  a3  they  are,  the  atoms  of  bodies, 
I  we  cannot  suppose  them,  to  bo  in  contact,  exert 
ous  attractions.  It  ivould  require  an  almost  incrcd- 
B  unoUnt  of  ordinary  mechanical  force  to  widen  the  dis- 
8  intervening  between  the  atoms  of  any  solid  or  liquid, 
i  to  increase  the  volume  of  the  solid  or  liquid  in  any 
iderxblo  degree.  It  would  also  require  a  force  of  great 
ttide  to  s<iaeczo  the  partlclca  of  a  liquid  or  solid  to- 
8  to  mate  the  body  less  in  size.  I  have  vainly 
>  augment  the  density  of  a  soft  metal  by  presarire 
,  for  example,  which  yields  so  freely  to  thu  hand 
n  it,  Wat  for  a  long  time  regarded  as  absolutely 
isibl&  Great  force  was  brought  to  bear  upon  it ; 
r  tlian  slirink  sensibly,  it  oozed  through  the  pores 
0  metAl  vessel  which  contained  it,  and  spread  like  a 
r  on  the  surface.*    By  reliued  and  powerful  means  ire 


I  hkre  to  tlunlc  mj  rricnd,  Hr.  Speildinf;,  Tor  Uio  folloning  ciliiiet 

s  !■>  this  ctpflrimcnt : — 

VVov  it  ti  cartnlu  lliat  nrar  IkkUm  («iiah  ssnir)  allov  n  roosidenbio 

m  cf  coultMtioD,  u  liM  been  tCAleil ;  not  Uint  lougiblo  boiiica  (luch  aa 

ir)  Millbr  compnmiou  nllii  mudi  greucr  dilllcultf  uid  to  n  lees  otUmt. 

T  It,  1  h»vi>  invcsiigateii  in  iho  Mloning  ciperimeut: 

if  ^obo  of  load  nuilo  captlilc  of  holding  nliout  two  pinlM,  nnd 

It  la  b«v  (WDBiilcnLle  forei);  liaving  inailt  a  liolo  in  it,  I 
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can  now  comprosa  w&ter,  but  tlio  force  neceaear;  to  aficou 
plish  this  is  very  great. 

When  wo  wiah  to  overcome  molecular  forces  we  mm 
attack  them  bj-  thoir  peers.  Heat  accompliehea  wLat  m 
chanical  energy,  as  generally  wielded,  is  incompetent  1 
perform.  Bodies  when  lieatcd  expand,  and  to  efleot  tii 
expansion  their  molecular  attractions  must  bo  overcom* 
In  masses  equally  lai-ge  this  is  a  work,  in  comparison  wit 
which  the  erection  of  the  Egyptian  pyramids  dwindles  t 
tlie  labour  of  mites ;  and  where  tlie  attractions  to  be  ove; 
uome  are  bo  vast,  we  may  infer  that  the  quantity  of  liei 
necessary  to  overcome  them  will  be  commensurate. 

And  now  I  must  ask  your  entire  attention.    I  hold  i 

lilled  it  nilh  inUcr,  and  Ihcn  atopped  up  tlie  bole  with  mdted  luad,  so  tl 
the  globe  became  quite  soliii  I  (ben  flutcned  Ifae  two  opposite  miles  of  I 
^□he  ictth  a  beaTj  bammer,  b;  which  the  water  was  ncccamily  oootimol 
into  lesa  Bpuee,  a  sphtite  being  the  figure  of  largest  capacity ;  and  wlien  I 
biunmering  biul  no  more  ttdxt  in  making  the  water  shrink,  I  n«do  nee 
n  Djili  or  pres9;  till  the  water,  impatient  of  further  pr««9ilre,  eiud 
throagb  the  solid  lead  like  a  fine  dew.  I  iliea  cotnpatcil  the  epace  liMt 
the  compi'casioD.  and  conduded  that  tliia  was  the  extent  of 
vhii;b  tbe  water  had  suO^tl,  but  oul;  when  cooMraiaod  bj  great  Tioloni 
(Bacon's  A'ofum  Organum  published  in  1621);  ToL  It.  SUB  of  thi  traOJ 
tioB.)  Now  bj  R.  Lealio  EUis,  vol  i.  p.  324.— TbU  U  perhsp*  ihe  tn 
mmaritable  of  Bacon's  eipcrimenU,  and  II  ia  sJogular  that  it  wsi  to  la 
spokenof  by  subsequent  writers.  Nearly  filly  yeots  after  the  prodaei 
of  tbe  "  Novum  Orgsnum,"  an  iteeouDt  of  a  aimihir  experiment  was  puUI 
cd  by  Megalotti,  who  wda  secretary  of  tbe  Acadcmia  del  Cicaento  St  Fl 
enco  1  and  it  has  since  been  familiarly  known  oa  tlie  Floreotiae 
I  quote  his  ncrouiit  of  it,  "  Fucemmo  Invomr," '  ftc. 

The  writer  goes  on  to  remark  that  the  absolute  ineompreanbility 
water  is  not  proved  by  this  eiperimeut,  but  mcrdy  tliat  it  is  not  to  be  «o 
pressed  id  the  msDiier  described ;  but  the  expecitncet  is  on  otJier  groiu 
iiiconclusire. 

It  iH  to  l>e  remembered  that  Leibnitz  ('NoureaaxEaMiia')  in  nmllotj 
the  Florentine  experiment,  aa^  that  the  globe  was  of  gold  (p.  !89  B 
mariii),  whereas  the  Florentine  acadcmieiaDS  cipreasly  Kiy  why  Uioy  p 
femjJ  silver  to  dtbcr  gold  or  lead, 
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my  band  a  lamp  of  lead  ;  suppose  I  commniiiciitfl  a  ocrtikin 
amount  of  heal  to  the  lead,  how  is  that  lieat  diapoBcd  of 
■  ' '  1  the  fiubstaacc  ?  It  is  applied  to  two  distinct  pur- 
— it  performs  two  diflerent  Muds  of  work.  One  por- 
r  it  imparts  that  species  of  motion  which  raises  the 
rature  of  the  lead,  and  wliich  is  sensible  to  tlie  ther- 
piet«r ;  bot  another  portion  of  it  goes  to  force  the  atoma 
!  lead  into  now  positions,  and  thru  portion  is  lost  at 
The  pushing  asunder  of  the  atoms  of  the  lead  in 
D  opposition  to  their  mntual  attractions,  is  exact- 
alogous  to  the  raising  of  our  weight  in  opposition  to 
«  of  gravity.  Let  me  try  to  make  the  comparison 
1  the  two  actions  s-till  more  strict ;  suppose  that  I 
>  a  dotinito  amount  of  force  to  be  expended  on  our 
^t,  and  that  I  divide*  this  force  into  two  portions,  one 
'  ll  I  devote  to  the  actual  raising  of  the  weight,  while 
f  the  other  to  cause  tlie  weight,  aa  it  ascends,  to 
I,  or  rerolre,  liko  a  pondulmn  or  governor,  and  to 
«  moreover,  with  gradually  augmented  energy  ;  we 
I,  the  analogue  of  that  which  occurs  when  heat  is 
I  to  the  lead.  Tlio  atoms  are  pushed  apart,  but 
[  tbclr  recession  they  vibrate,  or  revolve,  with  grad- 
j  sugmentcd  intensity.  Thus  the  heat  commnnicated 
t  load  resolves  itself,  m  part,  into  atomic  potential 
',  and  in  part  into  a  Icind  of  atomic  music,  the  music- 
t  alone  being  competent  to  act  upon  our  thermome- 
r  to  affect  our  nerves. 

1  this  case,  then,  the  heat  accomplishes  what  we  may 
tterior  wryrk;*  it  performs  work  wilhia  the  body 
I,  by  forcing  its  particles  to  take  up  new  positions. 
I  the  body  cools,  the  forces  which  were  overcome  in 
cese  of  heating  come  into  play,  and  the  heat  which 
Htnnvd  by  die  forcing  a'iunder  of  the  atoms  is  now 
i  ty  the  drawing  together  of  llie  atoms. 

«  CMullunt  mtmoia  of  ITnuaius  la  ilio  Ptulo&o[ihiiuU  Magnzine. 
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Chemists  hnvc  detcrmincil  the  relative  weights  of  t 

I  atoms  of  different  eiiLstuncca.     Colling  tbc'  weight  of  a  h 

/  drogen  atom  1,  the  weight  of  an  oxygen  atom,  yon  knoi 

I  is  IB.    Hence  to  make  up  a  pound  weight  of  Iiydroge 

Bisteen  times  tlie  niunber  of  atoms  coutained  in  a  pom 

of  oxygen  would  be  necessary.    Tho  number  of  atoms  i 

quired  to  make  up  a  pound  is  evidently  inversely  propc 

tional  to  the  atomio  weight.    We  here  approach  a  va 

delicate  and  important  point.    The  espcrimenta  of  Duloa 

and  Ptitit,  and  of  MM.  Regnault  and  Keumanu,  render 

extremely  probable  that  all  elementary  atoms,  great  ai 

small,  light  and  heai-y,  when  at  the  Kame  t^mperattn 

pOESess  tho  fioino  amount  of  the  energy  which  we  call  hea 

the  lighter  atoms  making  good  by  velocity  what  tbcy  wa 

I   in  mass.     Thus,  each  of  the  ntoma  of  hydrogen  bas  ti 

some  moving  energy  as  an  atom  of  oxygen  nt  the  flat) 

temperature.    But,  inasmuch  aa  a  pound  weight  of  hydi 

gen  contains  sixteen  times  the  number  of  atoms,  it  mu 

also  cont^n  sixteen  times  tbc  amount  of  he.it  i)088t)SSGd  I 

a  pound  of  oxygon,  at  the  same  temperature. 

From  this  it  follows  that  to  raise  a  pound  of  liTdroga 
a  certain  number  of  degrees  in  temperature — say  from  50 
to  60'^ — woidd  requb-e  sixteen  times  the  amotmt  of  h« 
needed  by  a  poimd  of  oxygen  under  tho  same  i 
stances.  Conversely,  a  poimd  of  hydrogen,  in  faHin 
through  10^,  would  yield  aixteen  times  the  amount  of  ha 
yielded  by  a  pound  of  oxygon,  in  falling  through  the  Si 
number  of  degrees. 

In  oxygen  and  hydrogen  we  have  no  set 
of  '  interior  wort,'  to  be  performed ;  there  arc  no  molec 
lar  attractions  of  sensible  magnitude  to  be  overcome.  B 
in  solid  and  liquid  bodies,  besides  the  difierencea  dne  ( 
the  number  of  atoms  present  in  the  unit  of  weight,  we  b 
a\m  differenecs  due  to  the  consumption  of  heat  in  inlerif 
work.    Hence  it  is  clear  that  the  amount  of  heat  wliic 
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i  bocUes  coDttua  is  not  at  all  declared  b^  their  tem- 
To  raise  a  {louiid  of  water,  for  example,  1", 
i  require  tliirty  times  tlie  amootit  of  heat  necessary  to 
B  a  |iomid  of  mercury  1°.     Conveitiely,  the  pound  of 
in  falling  through  1°,  would  yield  up  thirty  limes 
Lount  of  heat  yielded  up  by  the  pound  of  mercury. 
t  me  illuirtratc,  by  a  simple  exjierimcnt,  the  difler- 
1  which  exist  between  bodies,  aa  to  the  quantity  of 
t  which  lliey  contain.     I  have  here  a  cake  of  beeswax 
wi  inches  in  diameter  and  half  an  inch  thick.    Here  I  have 
D  vcescl  containing  oil,  which  is  now  at  a  temperature  of 
l*tO°  C.     In  the  hot  oil  I  liave  immersed  a  nimiber  of  balls 
■  i'  dilTcrvnt  metals — of  iron,  lead,  bismuth,  tin  and  copper. 
.\i  preMint  tbey  all  possess  the  same  temperature,  namely, 
that  of  the  oil.    Weil,  I  lift  them  out  of  the  oil,  nnJ  placo 
1  apOD  this  calcc  of  wax  o  d 
[•  -13),  which  is  supported  by 
bring  of  a  retorI-«tanii;  they 
I  the   wax  tmdemeath   ami 
k  in  it.     But  I  see  that  tlioy 
I  einkiog  with  dlficrent  vc- 
The  iron  and  tlie  coyj- 
xns    worVing    themselics 
1  more  vigorously  into  the 
lemasathan (he  others;  the 
I  eofflea  next,  while  the  lead 
B  Uw  bismuth  lag  entirely  lie- 
There  goes  the  iron  clean 
gli,  the  copper  follows ;  I 
lee  the  bottom  of  the  tin 
I  jnst  j>ceping  through  the  lower  surfiiec  of  the  c.ike, 
k  it  cannot  po  f  irlher  ;  while  llie  lead  and  liismuth  have 
fie  bnl  little  way,  l>eiiig  unable  tn  Kink  to  mucli  more 
B  half  Iho  depth  of  Uiu  cake. 
Soppotlng,  then,  I  take  equal  weights  of  dlflbrent  anb- 
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Btanoes,  heat  them  all  (say  to  100°)  and  then  determme  t 
exact  amount  of  heat  which  eacli  of  them  gives  oat 
ooolmg  from  100"  to  0°,  I  should  find  very  difiert 
amounts  of  heal  for  the  different  euhstancee.  How  cot 
this  problem  be  solved  ?  It  has  been  solved  by  counc 
men  by  observing  the  time  which  a  body  requires  to  co 
Of  course  the  greater  the  amount  of  heat  jKisseased  a 
generated  by  its  atoms,  the  longer  would  the  body  take 
cool.  The  relative  quantities  of  heat  jielded  up  by  d!  ~ 
ent  bodies  have  also  been  determined  by  plunging  the 
when  heated,  into  cold  water,  ajid  observing  the  gain 
the  one  hand  and  the  loss  on  the  other.  The  problem  I 
also  been  solved  by  observing  the  quantities  of  ice  wl 
different  bodies  can  liquefy,  in  falling  from  212°  Fahr. 
32°,  oV  from  100°  C.  to  O".  These  different  methods  hi 
gi\en  concordant  resnlts.  According  to  the  oelebrat 
Krench  experimenter  Rcgnault,  the  following  numi 
express  the  relative  amounts  of  heat  given  out  by  a  ut 
of  weight  of  each  of  the  subetances  the  names  of  whii 
are  annexed,  in  cooling  from  98°  0.  to  15°  C 

AlumtolDin 


Curtiaa 
Uthlnm 


PilUdliUD 
Fhupbonu  (hIIiI) 
~  *    (UDorpbDiu) 


A  moment's  inspection  of  tliis  table  t-xpluins  Ihc  reasi 
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f  the  iron  and  copper  balls  melted  through  the  wnx, 
E  the  lead  and  bisratith  Lnllfl  were  iucompetent  to  do 
t  will  also  he  seen  that  tin  hero  occupies  the  position 
)  should  assign  to  it,  arter  our  experiment  irith 
of  wax;  water,  we  see,  yields  more  hcut  tiijin 
f  <rtber  substance  iu  the  list. 

ii  of  these  Dambcrs  denotes  what  has  been  hitherto 

i  the  '  specific  heat,'  or  the  '  capacity  for  beat,'  of  the 

o  to  which  it  is  attached.     As  stated  on  a  former 

,  those  who  considered  hcnt  to  he  a  fluid,  cx- 

1  these  differences  by  saying  that  some  substances 

■T  Store  of  this  fluid  tHan  othent.     Wo  may, 

t  bonn,  continue  to  use  the  term  '  specific  heat,'  or 

Mcity  for  heat,'  now  that  we  know  the  true  nature  of 

ions  denoted  by  the  term.     It  is  a  noteworthy  fact, 

I  th«  (Specific  heat  iucreattcs,  the  atomic  weighs  di- 

isli«8,  and  t'j<v  vend;  so  that  thej?n]<^uc;  of  the  atomic 

t  and  Bpecitio  heat  ia,  in  almost  all  cases,  a  sensibly 

quantity.      This   illustrates  a  remark  already  ( 

i»l  the  lighter  atoms  make  good  by  velocity  what  I 

nl  in  mass. 

i  mugnilude  of  the  forces  engaged  in  thiB  automic 

Kion,  and  interior  work,  as  measured  by  any  ordinary 

Icbauical  standard,  is  enormous.     I  have  here  a  pound 

I,  which,  on  bring  heated  from  0°  C.  to  100°  C.  ex- 

1  by  about  -x^gth  of  the  volume  which  it  possesses 

Itfl  augmentation  of  volume  would  certainly  escape 

lOst  acntc  eye;  sti^l,  to  give  its  atoms  the  motion 

Mponding  to  Oiia  atigmentaiion  of  temperature,  and 

i  thcu  through  the  small  epace  indicated,  an  amount 

It  is  requisite  which  would  raise  about  eight  tons 

<it  high.     The  force  of  gravity  almost  vanishes  in 

■npariaon  with  those  molecular  forces;  tho  pull  of  tho 

I  upon  tho  pound  weight,  as  n  mass,  is  as  nothing 

tDjiared  with  Ihe  mutual   pull  of  its  own  molecules. 
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Water  furnishes  a  still  sabtlcr  oxamplc.     Wat«r  pspandsil 
on  both  sides  of  4°  C,  or  39'  F. ;  at  4°  C.  it  has  its  maxi<^V 
mum  density.    Suppose  a  pound  of  water  to  be  boated 
from  3^°  C.  to  4^°  C. — that  is,  one  degree — its  volume 
at  both  tempemturea  is  the   same;  there  baa   been  no 
forcing  asunder  whatever  of  the  atomic  centres,  and  still,  ■ 
tliough  the  Tolumo  is  nnchangeil,  au  amount  of  heat  tiMl 
been  imparted  to  the  water,  suiticient,  if  mechanically 4 
applied,  to  raise  a  weight  of  1,390  Ibe.  a  foot  high. 
interior  work,  lione  liere  by  the  heat,  ifl  simply  that  ( 
causing  the  atoma  of  water  to  rotate.     It  separatM  tb« 
attracting  poles  of  ihe'atoms  by  a  tangential  movement^ 
but  leaves  their  centres  at  the  same  distance  asunder,  firu 
and  last,     Tlie  conceptions  with  which  I  here  deal  mayif 
not  be  easy  to  those  unaccustomed  to  such  studies,  bol 
they  can  be  realized,  with  perti-et  clearness,  by  alt  wlu 
have  the  patience  to  dwell  upon  them  for  a  eaffioioud 
length  of  time. 

Here  we  may  note  fUrther,  that  there  are  desoriptio 
of  interior  worlc,  diffei-ent  from  that  of  pushing  the  atom 
more  widely  apart.  An  enormous  quantity  of  into 
work  may  be  accomplished,  while  the  atomic  centree,  iniJ 
stead  of  being  pushed  apart,  approach  endi  other.  Pola 
forces — forces  emanating  from  distinct  atomic  pc^ts,  B 
actincf  in  distinct  directions,  give  to  crystals  their  syi 
metry,  and  the  overcoming  oi  these  forces,  while  it  neoefl 
Ettates  a  consumption  of  heat,  m^ay  also  be  accompaaiod 
by  a  diminution  of  volume.  This  is  illustrated  by  tiM 
deportment  of  botli  ice  and  bismuth  in  liquefying. 

The  most  important  experiments  on  the  spectGo  b 
of  elastic  fluids  we  owe  to  M.  Regnault.     Uc  delermniej 
the  quantities  of  heat  necessary  to  raise  eqoal  weights  on 
gases  and  vapours,  and  also  the  quantities  necicssary  U 
Toisa  equal  Toluinee  of  them,  through  the  same  number  oi 
degrees.     Cnlliug  the  speciiic  heat  of  crater  1,  bore  I 
Bome  of  the  results  of  this  invaluable  InTOStigatJoii  ^— 
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■  have  already  anivod  at  ilia  conclusion  ib^il,  for 

Tciglila,  hydrogen  would  be  found  to  possess  six- 

s  times  tlie  amount  of  lipat  possesaed  by  osygoii,  and 

II  times  tliat  of  nitrof-en,  beeause  bydrogcn  eoiiaists 

en  limes  the  nuiab^r  of  atomEi,  in  tbe  one  case,  and 

Ben  times  the  number,  in  the  other.     Now,  we  find 

ion  verified  experimental] y.     Equal  volumes, 

rover,  of  all  those  gases  contain  the  same  number  of 

I,  and  hence  we  should  infer  that  the  epeeiGc  lieats 

1  volumes  ought  to   be   eqnal.      They  are  very 

nearly  bo  for  oxygen,  nitrogen,  and  hydrogen ;  bnt  chlo- 
rine and  bromine  differ  eoneiderably  from  the  other  e!e- 
aKDtarj  gases.    Now  bromine  is  a  vapour,  and  eblorino  n 
,  eaetly  liquefied   by  pressure;   hence,  in   both   these 
1,  tho  mntiiul  attraction  of  the  atoms,  which  is  inseu- 
I  In  oxygen,  nitrogen,  and  hydrogen,  requires  a  por- 
R  of  heat  to  overcome  il^    The  specific  heats  of  chlorine 
1  bromine  at  equal  volumes  are,  therefore,  higher. 
^Certuln  simple  gases  unite  to  form  compound  ones, 
,  any  change  of  volume.    Thus,  one  volume  of 
J  comliincH  with  one  volume  of  hydrogen,  to  form 
f  voluines  of  hydrochlorio  acid.     In  other  cases  the  act 
mbination  is  accompanied  by  a  diminution  of  vol- 
;  tbns,  two  volumes  of  nitroj;en  combine  with  one  of 
hgCD  to  form  two  volumes  of  tho  protoxide  of  nitrogen. 
|^Uu3  net  of  combination,  three  volumes  have,  in  tliis 
1,  been  condonEed  to  two,    M.  Regnanlt  finds  that  the 
I  gases  wtiicb  do  not  chan^o  volume,  liavo,  at 
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Bteam  at  the  eamo  tempcratare,  S67  times  aa  muct  heat  H 
repaired  as  wo'.iUl  raise  a  pound  of  wator  1°  ia  tciupei-atiire. 
The  foiiner  number,  143°,  ri'presenta  what  has  beeu  hilherw 
to  called  the  latent  heat  of  waiter ;  and  the  latt«r  number, 
967",  rcpreaenta  the  lattiot  beat  of  steam.     It  was  manifest 
to  those  vtho  first  used  these  terms,  that,  throngbout  the 
entire  time  of  melting,  and  thronghout  the  entire  time 
boiling,  heat  n'OS  communicated;  but  inasmuch  as  this  hi 
was  not  revealed  by  the  thermometer,  the  fiction  was 
vented  that  it  was  rendered  latent.    The  fluid  of  heat  hid 
itsdf  in  some  unknown  way  in  the  intci-ati*ial  spaces  of  the 
water  and  of  the  steam.    According  to  our  present  theory, 
the  bc.it  expended  in  melting  is  consumed  in  conferring 
potential  energy  upon  the  atoms.     It  is  virtually  the  lifting 
of  a  weight.    So  likewise  as  regards  the  steam,  the  heat  ts 
consumed  in  pulling  the  liquid  molecules  asunder,  conf 
ring  upon  them  a  still  greater  amount  of  potential  energy 
and  when  the  beat  ix  withdrawn,  the  vapour  condenses 
the  molecules  again  clash  with  a  dynamic  energy  equal 
that  which  was  employed  to  separate  them,  and  tlio  proel 
quantity  of  beat  then  consimied  now  reappears. 

The  act  of  liquefaction  consists  of  inteiior  work  e; 
pended  in  moving  the  atoms  into  new  positions.  The 
of  vaporisation  is  also,  for  the  most  part,  interior  work 
which  however  must  be  added  the  external  work  perfom 
in  the  expansion  of  the  vapour,  which  makes  place  for 
self  by  forcing  back  the  atmosphere. 

We  arc  indebted  to  the  eminent  man  to  whom  I  hai 
referred  so  often,  for  the  first  accurate  defemiinaliona 
the  calorific  power  of  fuel.     *  Riunford  estimated,  the 
orific  power  of  a  body  by  tho  nimiber  of  parts,  by  WMg! 
of  water,  wliich  one  part,  by  weight,  of  the  body  vox 
on  perfect  combustion,  nuse  1°  in  temperature.    Thus 
psjt,  by  weight,  of  charcoal,  in  combinbg  with  Zj  pai 
of  oxygen  to  form  carbonic  acid,  will  evolve  heat  suffich 


ine 

leat^l 
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se  Iho  temperaluro  of  about  8,000  ports  by  weiglit  of 
1°  C.    Similarly,  ono  pound  of  hydrogen,  in  com- 
!  with  eight  pounds  of  oxygen  to  form  water,  will 
e  34,000  lbs.  of  water  1^  C.    The  relative  calorific  pow- 
,  therefore,  of  carbon  and  hydrogen  are  r&  8  :  34.'* 
e  recent  refined  researchca  of  Favre  and  .Silberraann  en- 
tirely confirm  the  determinations  of  Rumford, 

Let  us,  then,  fix  our  attention  upon  this  wonderful  snb- 
Btance,  water,  and  trace  it  through  the  various  stages  of 
it*  existence.  First  we  have  its  constituents  as  free  utoms, 
which  attract  each  other,  fall,  and  clash  together.  The 
mechanical  value  of  tliis  atomic  act  ia  easily  determined ; 
koon-ing  the  number  of  footrpounda  corresponding  to  the 
heating  of  I  lb.  of  water  1"  C,  we  can  readily  calculate  the 
number  of  foot-pounds  equivalent  to  the  heating  of  34,000 

t,  of  water  1"  C.  Multiplying  the  latter  number  by 
>0.t  *■«'  fii"l  '1"^'  *•'">  concussion  of  our  1  lb.  of  hydrogen 
I  8  lbs.  of  oxygen  is  equal,  in  mechanical  value,  to  the 
ang  of  forty-seven  million  pounds  one  foot  high  1  I 
ik  I  did  not  overrate  matters  when  I  said  that  the  force 
gravity,  as  exerted  near  the  earth,  was  almost  a  Viinish- 
qnantity,  in  comparison  with  these  molecnlar  forces ; 
and  be.ir  in  mind  the  distances  which  separate  the  atoms 
before  combination — distances  so  small  as  to  be  utterly 
imaicns:ir:ililc ;  K^ill  it  is  in  passing  over  these  distances 
that  the  atoms  acquire  a  velocity  sufficient  to  cause  them 
U>  clavh  with  the  tremendous  energy  indicated  by  the  above 
Vttahcn. 

r  combinntloQ  the  substance  is  in  a  state  of  vapour, 

r  sinks  to  212%  and  afterwards  condenses  to  water. 

)  firet  instance  the  atoms  fell  together  to  form  the 

I ;  in  the  next  instance  tLc  molccnles  of  the  com- 

.  •»  MeUDnrgj,  p.  63. 
1 1bol-[iiniiiits  being  Iba  mecliiuiicit]  «|uiriiloiit  for  1'  F.,  1,390 
El  tbe  vqiuTolc&l  for  1 ''  0. 
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potind  iiiU  together  to  form  a.  liqnld.    The  mechanioal  val- 
ue of  this  act  is  also  easily  calcuUtod:  9  lbs.  of  ttleoBi  in 
(klling  to  water,  generate  an  amount  of  heal  Bufficient  t6 
-raise   9fl7x  9  =  8,703  lbs.  of  water   1°  F.      Mulliplying  , 
this  number  by  7V2,  we  have  a  product  of  6,718,716  foot- 1 
pounds  as  the  mechanical  value  of  tho  mere  act  of  condei 
Bation.*    The  next  great  fall  of  our  0  lbs.  of  water  U 
the  state  of  liquid  to  that  of  ice,  and  the  mechanical  valnj 
of  this  act  is  equal  to  093,504  foot-pounds.     ThoB  o 
lbs.  of  water,  iu  its  origin  and  progreBS,  falls  down  thi 
^reat  precipices  :  the  first  fall  is  equivalent  to  the  dcHcei 
of  a  ton  weight  urged  by  gravity  down  a  precipice  22,3SJ 
feet  high ;  the  second  fall  is  eipial  to  that  of  a  ton  dowir" 
a  precipice  2,000  feet  high ;  and  the  ihml  is  equal  to  the 
descent   of  a  ton   down    a   preeijiii-'e    433    feet  highp     I 
have  Been  the  wild  stono-avalnnches  of  tho  Alps,  whicb 
smoko  and  thunder  down  the  dtcUvities  with  a  vehemei 
almost  sufficient  to  stun  the  observer.    I  have  also  f 
snow-flakes  descending  eo  softly  as  not  to  hurt  the  fra^ 
spangles  of  which  they  were  composed ;  yet  to  produo^ 
from  aqueous  vapour,  a  quantity  of  that  tender  materi 
which  a  child  could  carry,  demands  an  exertion  of  s 
competent  to  gather  up  the  shattered  hlocks  of  the  luigej 
stonc-avalancLe  I  haie  ever  seen,  and  pitch  them  to  Iw^ 
the  height  from  which  they  fell. 

I  will  now  relieve  the  straiu  wliich  I  have  hitherto  p 
upon  your  attention,  by  Jutrodncing  a  few  experiment^ 
illustrations  of  the  calorific  effects  which  accompany  t" 
change  of  aggregation.     1  place  my  thenno-electrio  j 
thus  upon  its  back  on  the  table,  and  on  its  naked  &ce  ] 

"  In  Riiuifonl's  cipcrimcnta  the  heat  of  condenanlJon  tpas  indniM  | 
Ilia  csiimnlc  of  caloriEc  power;  dcdnciLng  tbo  aboru  unmbcf  from  t 
fiiUDd  for  llje  clieoiiciil  imion  or  the  hydrngL'n  imil  oajgcD,  forty  ntilUun 
tbot-iMiuDda  vonld  sliU  remain  u  the  mecbudool  TaluB  of  Iho  ict  ef  « 
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pisoe  this  thin  silver  basin,  B  (fig.  44),  iuto  which  I  pour  a 
qiUBtity  of  water  slightly  warmetl,  the  needle  of  the  gain 
vanotneter  movea  to  00",  and  remzuns  permanently  deflected 
to  70".  I  now  place  a  Uttle  powdered  nitre,  not  more  than 
can  fit  upon  a  three-penny  piece,  in  the  basin,  and  allow  it 
to  iliasolvc.  I  had  placed  the  nitre  previously  before  the 
lire,  BO  that  not  only  was  tho  liquid  warm,  but  the  solid 
|iowder  waa  also  warm.     Observe  the  etfect  of  tlieir  mis- 

FI&M. 


tnre !  The  nitre  diasolves  in  tho  water ;  imd  to  prodncc 
llkis  change,  all  the  heat  which  both  tho  water  and  the  nitre 
pciaseBS,  in  ozceaa  of  the  temperature  of  this  room,  is  con- 
sumed, and,  indeed,  a  great  deal  more.  The  needle,  yon 
see,  sinks  not  only  to  zero,  but  goes  strongly  up  at  tlie 
Olher  ride,  showing  that  now  the  face  of  the  pile  ia  power- 
■jT  chilled. 

1 1  remove  the  basin,  ponr  the  liquid  out,  and  resupply  it 
\i  warm  water,  into  which  I  introduce  a  pinch  of  com- 
a  ftalt.    The  needle  was  at  70°  when  tho  Ball  was  intro- 
duced :  it  ia  now  sinking,  reaches  zero,  and  goes  np  on  tho 
a^  which  indicates  cold.     But  the  action  is  not  at  nil  so 
strong  tta  in  the  case  of  saltpetre.    Tho  reason  is  that  tho 
amotmt  of  interior  work  required  by  the  salt,  and  which 
iwceeNtatofl  the  consumption  of  heat,  is  much  less  than  that 
J '  <iiiiinlod  by  the  nitre.    Aa  regards  latent  heat,  then,  wc 
■Bfen  differences  siinilar  to  those  which  we  have  already 
Bpfatnted  as  regards  spocilic  boat.    Again,  I  cleanse  the 
^'laiii,  pnt  frosh  water  in  it,  and  put  a  little  sugar  in  the 
wat«r ;  tho  amount  of  hoat  absorbed  in  tho  solntion  of  the 
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eugar  ia  eensible,  tho  liquid  is  chiUed,  but  the  a 
chilling  ia  much  less  than  in  either  of  the  forn 
Thus,  when  yoa  sweeten  your  hot  tea,  you  cool  it  t 
most  philosophical  manner ;  whon  yon  put  salt  in  yoi 
soup,  you  do  the  same ;  and  if  you  were  concerned  with  tl 
act  of  cooling  alone,  and  careless  of  the  flavour  of  your  ^ 
soup,  yoa  might  hasten  its  refrigeration  by  adding  saltpetre. 
In  a  former  lecture  I  made  use  of  a  mixture  of  pounded 
ice  and  salt  to  obtain  great  cold.    Both  the  salt  and  the  U 
when  they  arc  thua  mixed  together,  change  their  state  a 
aggregation ;  the  amount  of  interior  work  is  here  so  g 
that  during  its  performance  the  temperature  of  the  n 
ture  sinks  30"  Fahr.,  and  more,  below  tho  freezing  j 
of  water.     Ilero  is  a  nest  of  walch-glaaaea  which  I  1 
wrapped  in  tinfoil,  and  immcrgcd  in  a  mixture  of  ice  and  si 
Into  each  watch-glass  I  had  poured  a  little  water,  in  which 
the  next  glass  rested.    They  are  now  all  frozen  together  to 
a  solid  cylinder,  by  the  cold  of  this  mixture  of  ice  and  salt 
I  will  now  reverse  the  process,  and  endeavour  to  a 
Pig  45^  you  the  heat  developed  in  [ 

ing  fi'om  the  liquid  to  the  a 
state.    But  first  let  me  shov  y 
that  heat  is  rendered  latent  n 
sulphate  of  soda  is  dissolved. '  J 
experiment  with  the  snbsta 
exactly  as  I  experimented  i 
the  nitre,  and  you  see,  that  aa  1| 
oryatals  melt  in  the  water  the  p 
is  chilled.   And  now  for  the  o 
plementaiy    experiment, 
large  glass  bolt-head  B  (H 
with  this  long  neck,  is  now 
with  a  sohilaoD  of  sulphate  of  fl 
da.     Yesterday   Mr.    Andet 
disBolved  the  substance  in  a  p 
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over  ODT  laboratory  fire,  and  filled  this  bolt-liead  with  tbo 
»oliition.  He  llien  covered  t!ie  top  carefnlly  with  n  piece 
of  bladder,  and  placed  the  bottle  behind  this  table,  where 
it  has  remiuiied  midiBturbed  tlironghoiit  the  night. 

The  liqaid  is,  at  tlie  present  moment,  supersaturated 
v.iib  sulphate  of  soda.   When  the  water  was  hot,  tt  melted 

:nhre  than  it  could  niell  when  cold.  But  now  the  tempera- 
:  ia>  has  sank  mnuh  lower  than  that  which  cotrcBponds  to 
die  point  of  Haturation.  ThU  Btate  of  things  is  secured  by 
keeping  the  solution  perfectly  still,  and  pennittmg  nothing 
to  fall  into  it.  Water,  kept  thus  still,  may  be  cooled  many 
degrees  below  its  freezing  point.  Some  of  you  may  have 
nnticed  Uie  water  in  your  jugs,  after  a  cold  winter  night, 
mdclenly  freeze  on  being  poured  out  in  the  morning.  In 
cold  climatefl  this  is  not  uncommon.  Well,  the  particles  of 
i1l^^>hw^^^  of  Boda  in  this  solution  are  on  the  brink  of  a.  preci- 
pice, and  I  can  push  them  over  it,  by  eimply  dropping  a 
email  crystal  of  the  subst-mce,  not  larger  than  a  grain  of 
Fand,  into  the  solution.  Observe  what  takes  place ;  the 
bottle  now  contains  a  clear  liquid  ;  I  drop  the  bit  of  crys- 
tal in,  it  does  not  sink  ;  the  molecules  have  closed  round  it 
to  form  a  solid  in  which  it  is  now  embedded.  The  passage 
of  the  atoms  from  a  state  of  freedom  to  a  state  of  bondage 
ROW  on  qnite  gradually ;  you  see  the  Rolidification  extend- 
)a)f  down  (he  neck  of  the  bottle.  Observe  where  I  have 
plaood  my  therrao-electrio  pile  p.  Its  naked  face  rests 
agnnst  the  convex  surface  of  the  bottle,  and  the  needle  of 
tbo  galvanometer  points  to  zero.  The  process  of  cryatalli- 
tation  has  not  yet  reached  the  bqnid  in  front  of  the  pile, 
bat  yon  see  it  approaching.    It  is  now  solidilied  opposite 

'aptle,  and  mark  the  effect.  The  atoms,  in  falling  to  the 
"1  form,  develope  heal;  this  heat  communicates  itself  to 
«  envelope,  the  glass  envelope  warms  the  pile,  and 
frnocillc,  aa  you  Bee,  flics  to  00".    The  quantity  of  heat 


i,  I  tBEB  nj  pile  npoo 
I  Am  lyjj^  sad  (B  ti^  face  I 
alnady  ^b^  lUo  Thich  I  Iutc 
J  if  ■  iiJuili  ^nd,  Thich  I  haTc 
)%■  ■Btilo  BMT  mom,  indicatii 
-  Im  it  >tt>iaBd  W  irliea  It  t 
to  0%  b4  fin  vitfa  Tiolenoe  qt  «ij| 
ridB«fcgtd.  DnBqnidben  wedissdpliinieetber; 
TCiT  iiJilili.  aad  lfa«  speed  of  its  enpentkn  u  sudi  4 
it  floai^BCB,  nfsdlft  tl*e  heat  ai  fir^  eoaunoBieated  & 
aod  Ui^  abatncU  heal  irain  the  htx  of  tbs  pile.  In 
loan  the  other;  md  sofflj  its  plaee  by  ■loohol,  riightly 
ram ;  the  nf^dk.  as  befon,  goes  op  on  the  side  of  heat. 
Bat  vvt  a  moment ;  I  inll  aae  these  bdibII  beUo«-s  to  pro- 
mote the  ev^MCBtioa  of  the  alrohot;  doit  joa  see  tho  n 
die  deacoidiiig,  and  dot  it  is  op  at  90°  on  the  tide  of  O 
Water  is  not  nciriy  so  Tolatile  as  alct^ol,  still  I  can  a' 
the  absorption  of  heat  by  the  eT^x>nition  of  water  i 
We  use  s  kind  of  poKery  for  bolding  irater,  which  m' 
of  a  slight  percolation  of  the  liquid,  so  as  to  cause  a 
of  dewiness  on  the  ertemal  surface.  Evaporation  goeaJ 
from  that  surface,  and  the  heat  necessary  to  this  i 
Iwing  drawn  in  great  part  from  the  water  iritbin.  koepl 
cool.    IfutlerKiooiers  are  made  on  the  same  principle. 

To  show  you  the  extent  to  which  refrigeration  m.iybe 
carried  by  the  evaporation  of  water,  I  have  here  an  instru- 
mont,  (flg,  40).  by  which  water  U  frosen,  ihroagh  tho  ai 
I'lo  ahitraoiion  of  its  lie:il  by  iu  own  vapour.    The  ii 
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aumt  is  callecl  tbo  eryophorua,  or  ice-carrier,  and  it  was 
mTcnted  by  Dr.  Wollaston.  It  is  made  in  this  way — a  lit- 
(lu  vater  is  |ml  Into  one  of  tliese  balbe ;  the  other  bulb,  &, 
when  softened  by  lieat,  bad  a  tube  drawn  out  from  it  witli 
a  minute  aperture  at  the  end.  Well,  the  water  was  boiled 
ID  A,  snd  Htcam  was  produced,  nutil  it  bad  chased  all  the 
lir  away  through  tbo  small  aj>erture  in  the  distant  bulb. 
When  the  bulbs  and  connecting  tube  were  filled  with  pore 
iteam,  tlie  small  orifice  waa  sealed  with  a  blow-^ipe.  Here, 


ihioi,  wo  bare  water  and  its  vaponr,  with  scarcely  a  trace 
of  air.  Yon  bear  how  the  liquid  rmgs,  exactly  as  it  does  in 
the  case  of  the  water-hanuner. 

I  turn  all  tbo  liquid  into  one  bulb,  a,  which  I  dip  into 
a  nnpty' glass  to  protect  it  from  currents  of  air.  The 
ayNy  bolb,  b,  I  plnnge  into  a  freezing  mixture  ;  tlius,  the 
ytftmr  idiich  escapes  from  the  liquid  in  the  bulb,  a,  is  con- 
deB»d  ^>y  the  cold,  to  water,  in  b.  This  condensation 
pmnHs  of  the  formation  of  new  quantities  of  vapour.  As 
llio  erapomtion  continues,  the  water  which  supplies  tho 
t^MHtr  becomes  more  and  more  chilled.  In  a  quarter  of 
■B  hour,  or  twenty  minutes,  it  will  be  converted  into  a 
olw  of  ioo.  Here  is  the  opalescent  solid  formed  in  a  sco- 
wd  toatroinent,  which  you  saw  me  arranging  before  the 
oomntenccment  of  the  lecture.  The  whole  process  consists 
'^.Ihe  otKompeusated  transfer  or  motion  from  the  one  bolb 
gibe  oUter. 
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Bnt  the  moat  atriking  example  of  the  consumption 
heat  in  changing  the  state  of  aggregation  is  funuishcd 
the  Bubstanco  which  I  have  impriBoned  in  this  strong 
bottle.     This  bottle  contuns  carbonic  acid,  liquefied  by 
enormous  pressure.  The  substance  you  know  is  a  gas  under 
ordinary  circnmslances ;  here  is  a  jar  full  of  it,  whii ' 
though  it  manifests  itx  nature  by  extinguishing  a  taper, 
not  to  be  distinguished,  by  the  eye,  from  common 
When  the  cock  attadied  to  the  iron  bottle  is  turned, 
pressoro  which  acta  upon  the  gas  is  relieved,  the  liquid 
boils — flashes,  as  it  were,  suddenly  into  gas,  which  mshcs 
from  the  orifice  with  impetuous  force.    But  you  can  see 
tiiis  current  of  gas ;  mixed  up  with  it  you  see  a  white  sub- 
stance, which  is  now  blou'n  against  me,  to  a  distance  of 
eight  or  ten  feet,  through  the  air.    What  is  this  white 
sabstance  ?    It  is  carbonic  acid  snow.    The  cold  produced 
in  passing  from  the  liqoid  to  the  gaseous  stat«  is  so  intense 
that  a  portion  of  the  carbonic  acid  is  actually  frouen  to  form 
this  snow,  and  mingles  in  smaU  flakes  with  the  issmng 
stream  of  gas.    I  can  collect  this  snow  in  a  suitable  vesseL 
Here  b  a  cylindrical  box  with  two  hollow  handles,  through 
which  I  will  allow  the  gas  to  pass.    Right  and  left  you 
the  streams,  but  a  largo  portion  of  the  frozen  mass  is 
taiued  in  the  box.     I  open  it,  and  yon  see  it  filled  with 
perfectly  white  carbonic  acid  snow. 

The  solid  very  gradually  disappears ;  its  conveinon 
vapour  is  slow,  because  it  can  only  slowly  collect  from 
roimding  substances  the  heat  necessary  to  vaporise  it. 
can  handle  it  freely,  but  not  press  it  too  much,  lest  it  si 
bum  you.  It  is  cold  enough  to  bum  the  hand.  I  pli 
a  piece  of  it  into  water,  and  hold  it  there :  you  see  ' 
rising  through  the  w.tter — these  are  pure  carbonio  acid 
I  collect  this  gas,  and  show  you  that  it  possesses  all 
properties  of  the  gas  aa  commonly  prepared.  Tbe 
acid  does  not  melt  in  the  water ;  when  I  release  h,  it 
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Id  ihe  cnrfoce,  and  floats  npon  it.  I  put  a  bit  of  tlio  acid 
into  my  moutli,  taking  care  not  to  inbidti  wliile  it  ia  tLerc. 
T  brostho  against  this  candle  ;  mj  breath  cxttnguiHlies  tiio 
'inc.  Before  the  concinsioa  of  tlie  lecture,  I  will  sliow 
111  how  it  ia  posaiblo  to  preserve  ao  cold  a  body  in  the 

^atpoth  without  injury.    A  pieco  of  iron  of  equal  coldness 

^BtaU  do  seriotu  damage. 

^^■Here,  then,  wc  Lave  a  solid  body  intensely  cold,  ^ihich, 

^^K')^^''!  ^^3  '>'^'  chill  Ijodies  in  contact  ^ith  it,  as  it 
nigbt  be  expected  to  do.  In  fact,  no  real  contact  Las  been 
otsblisbed  with  the  acid.  Water,  wq  bgo,  will  not  dissolve 
it,  bat  BdJphaiic  ether  will ;  and  by  pouring  a  quantity  of 
Uiiii  etiter  on  the  snow,  I  obtain  a  pasty  mass,  which  has 
an  enormous  power  of  refrigeration.  Here  I  have  some 
tiiick  and  irregnlar  massea  of  glass — the  feet,  in  fact,  of 
driuldng-glasses.  I  place  a  portion  of  the  solid  acid  on 
tbcm,  and  wet  it  with  ether ;  you  hear  the  glass  crack ;  it 
baa  been  sJtattered  by  the  contraction  produced  by  the  in- 
tense cold. 

In  tills  baain  I  Bprea<l  a  little  paper,  and  over  the  paper 
1  poor  ft  pound  or  two  of  mercury ;  on  the  mercury  I  place 
•one  solid  carbonic  acid,  and  over  the  acid  1  poor  a  little 
etbcr.  Mercury,  you  know,  requires  a  very  low  tompcra- 
Ure  to  freeze  it.     Well,  here  it  is  frozen  ;  I  turn  it  out  bo- 

tjon,  a  solid  joaes ;  I  can  hammer  the  solid  ;  I  can  also 
b  with  a  knife.  To  enable  me  to  lift  the  mercury  out 
w  basin,  I  have  dipped  this  wire  into  it ;  by  this  I 
)l,  and  plunge  it  into  a  glass  jar  containing  water.  It 
'  BqaeSes,  and  showers  downwards  through  the  water ;  but 
orory  fiUet  of  mcieury  freezes  the  water  with  which  it 
oomes  into  contaet,  and  thus  round  each  fillet  ia  formed  ii 
tobe  of  ice,  through  which  you  can  see  the  liquid  metal 
d«ACcn4injt>  Thetie  experiments  might  bo  multiplicrl  al- 
moat  indefinitely  ;  but  enough,  I  trust,  baa  been  shown  to 
illnstnto  our  present  subject. 
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I  have  now  to  direct  your  attention  to  another  and  very 
Einguliir  class  of  phenomena,  connected  ft-ith  the  production 
of  vajiour.  Hero  is  a  brood  porcelain  basin,  n  (fig.  47), 
filled  with  hot  wattir.  Ittire  is  a  silver  baain,  s,  which  1 
now  beat  to  redness.     If  I  place  the  silver  ba^  in  the  hot 


water,  what  will  occur  ? 


might  naturally  reply,  that 
the  basin  will  impart  its 
excess  of  heat  iustantly  to 
the  water,  and  be  cooled 
down  to  the  tcmperaturo 
of  the  latter.  Bat  nothing 
of  this  kind  occurs.  The 
basin  for  a  time  developea 
a  Bofficieiit  amount  of 
vapour  nndemeath  it,  to 
tift  it  entirely  out  of  contact  nitb  the  water ;  or,  in  the  ' 
gnago  of  the  hypothesis,  developed  in  our  third  lecture, 
is  lifted  by  the  djsehargo  of  molecular  projcctUea  against 
under  surface.  This  wiU  go  on  until  the  temperature  ot' 
the  basin  sinks,  and  it  is  no  longer  able  to  produce  vapour 
of  eulficient  tension  to  support  it.  Then  it  comes  into  con- 
tact with  the  water,  and  the  ordinary  hissing  of  a  hot, 
metal,  together  with  the  cloud  which  forma  overhead, 
clarcs  the  fact. 

I  now  reverse  the  experiment,  and  instead  of  plai 
the  basin  in  the  water,  I  place  the  water  in  the  basin — ^1 
of  all,  however,  heating  the  latter  to  redness  by  a  Ii 
Ton  hear  no  noise  of  ebullition,  no  liiswng  of  the  water 
,  I  pour  it  into  the  hot  basin ;  the  drop  rolls  about  on 
own  vapour — that  is  to  say,  it  in  snstMned  by  the  rcooil 
the  molecular  projectiles  discharged  from  its  under  surf 
I  nnthdraw  the  lamp,  and  allow  the  basin  to  cool,  until  it 
no  longer  able  to  produce  vapour  strong  enough  to  sap] 
the  drop.    The  liquid  then  toudios  the  metal ;  the 
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iloea  BO,  violent  ebullition  setH  in,  and  the  cloud  wliich 

ill  now  obeetre  forma  above  the  basin. 
Ton  cannot,  from  your  present  position,  see  ihis  flat- 
:  !kA  siiberoid  rolling  about  in  the  hot  basin,  but  I  can 

"w  it  to  yon,  and,  if  I  am  fortunate,  I  shall  show  yon 
^i^mL-tliing  very  beautiful.  You  will  boar  in  mind  Ibat 
llMn  b  Ml  incesBaat  developement  of  vapour  nndemeatb 
Ifae  drop,  vrhicb,  as  incessantly,  escapes  from  it  laterally. 
If  the  drop  rest  upon  a  flatUsb  surface,  so  that  the  lateral 


Fists. 


ts»pc  is  very  difficult,  the  vapour  will  burst  up  through  the 
niiJitlc  of  the  drop.  But  I  have  here  arranged  matters,  so 
that  the  vnpour  sliall  issue  laterally ;  and  it  sometinics  hap- 
paw  that  the  escaiie  of  the  vapour  is  rythmic ;  it  issues  in 
reffular  pulweB,  and  then  we  bare  our  drop  of  water  would- 
M  to  a  most  beautiftU  rosette.  I  have  it  now,— a  round 
of  liquid,  two  inches  in  diameter,  with  a  beautlt'iilly 
border.  I  will  throw  the  beam  of  the  electric 
npon  this  drop  so  ft.t  to  iUuniiuato  it,  and  holding  tliis 
over  it,  I  bopo  to  east  its  imago  on  the  ceiling,  or  on 
thxat  it  \»  (fig.  48),  a  tigarc  eighteen  mcbos  in 
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dianteter,  and  tlio  Taponr  lireaking,  as  if  in  music,  from  its 
edge.  If  t  add  a  Uttlo  ink,  ao  au  to  daiken  tbe  liquid,  the 
definition  of  its  ontline  is  augmenttrd,  but  the  pearl j-  lustre 
of  its  surface  is  lost.  I  withdraw  the  heat ;  the  uadulatioa 
continues  for  some  time :  the  border  finally  becx>men  unln- 
dented.  The  drop  is  now  perfectly  motionlesB — a  liijuid 
spheroid — and  now  it  suddenly  sproadH  upon  the  surfaco^  J 


Fig.  *3. 


contact  has  been  established,  nnd  the  spheroidal  condiUi 
ends. 

I  diy  the  silrer  basin  and  place  it,  with  its  bottom  u 
wards,  in  front  of  the  oloctrio  lamp,  and  with  a  lens  | 
fiont  I  bring  the  roimded  outline  of  the  basin  to  a  foo 
on  tho  screen ;  I  dip  this  bit  of  sponge  in  alcohol  i 
squeeze  it  over  the  cold  basin,  so  that  tho  drops  fall  iip< 
the  surface  of  the  metal :  you  see  their  magnified  imaf 
upon  the  screen,  and  you  obsor%'e  that  when  they  strike  t] 
surlacc  they  spread  out  and  trickle  down  along  it.  No< 
will  beat  this  ba»in  by  placing  a  lamp  underneath. 


TnE  DBOP   la   aUPPOBTED  ON   A 
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tciTO  what  occurs :  wbctn  I  aqaceze  the  sponge  tbo  drops 
descend  as  before,  bat  wlion  they  come  in  contact  wttli  tiio 
bsain  they  no  longer  spread  but  roll  over  the  surfaoo  as 
liquid  spheres  (fig.  49).  See  how  thcj-  bounil  und  dauce 
u  if  tbey  bad  liillcn  npon  ekstic  springs ;  and  so  in  fact 
ihuy  have.  Every  drop)  as  it  fitrlkes  the  hot  surface,  and 
u  it  rolls  along  the  surface,  dovclopes  vapour  whicli  lifts 
it  out  of  contact,  llioa  destroying  all  cohesion  between  tbo 
surface  and  the  drop,  and  enabling  tbe  latter  to  preserve  its 
spherical  or  spheroidal  form. 

I  have  here  an  arrangement  suggested  by  Professor 
Poggendorf,  which  shows,  in  a  very  beautiful  manner,  the 
mption  of  contact  between  the  spheroidal  drop  and  its 
ing  surface.    From  this  silver  basin,  n  (fig.  60),  iu- 


Icnded  to  bold  the  drop,  I  carry  a  wire,  m,  round  jonder 
fnetio  iieedlc  ;  the  otlier  end  of  the  Ralvanomoter  wiro 
ih  to  one  end  of  this  battery,  a.    From  the  opposite 
f  the  Utile  battery  I  carry  a  wire,  w',  and  fio  attjicli 
0  the  ami,  a  b,  of  thi«  retort-stand,  k,  that  1  can  readily 
:  it.    1  ht-at  tbo  basin,  pour  in  the  water,  and  lower 
w  till  iho  end  of  it  dips  into  tbo  siiberoidal  mass : 
e  no  motion  of  tbo  galvanometer  needle ;  the  only 
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gap  in  the  entire  circiiit  is  that  which  now  exiais  ^ 
noath  the  drop.    If  the  drop  were  in  contact  the  cuma 
would  puss,    I  prove  this  thus :  I  withdraw  the  lamp ; 
spheroidal  state  will  soon  end ;  the  liquid  will  tout'h  thi 
bottom.    It  now  does  80|  and  the  needle  instantly  fliei 
aside. 

You  can  actually  sec  the  interval  between  the  drop  and 
the  hot  surface  upon  which  it  rests.  A  private  experimcn 
may  be  made  in  this  way :  Let  a  flattish  basin,  b  (fig.  51)i 
be  turned  upside  down,  and  let  the  bottom  of  it  bo  slight^ 
indent^  so  as  to  be  able  to  bear  a  drop ;  heat  the  baein  bj 
a  spirit  lamp,  and  place  upon  it  .1  drop  of  ink,  d,  with  whiob 
a  little  alcohol  has  been  mixed.    Stretch  a  platinom  y 


a  b,  vertically  behind  the  drop,  and  render  the  wire  i 
descent  by  sending  a  onrront  of  electricity  through  it.  Briii] 
your  eye  to  a  level  willi  the  bottom  of  the  drop,  and  yo 
will  be  able  to  see  the  red-hot  wire  through  the  intervl 
between  the  drop  and  the  snrfaee  which  supports  it.  L« 
me  show  you  this  interv.-!].  I  jilncc  my  basin,  b  (fig.  52] 
as  before,  with  its  bottom  iijjward  in  front  of  the  lamp  ; 
beat  the  basin  and  bring  carefully  down  upon  it  u  drop,  e 
dependent  from  a  pipette.    When  it  rests  upon  the  proj 
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cr  part  of  tLe  Horfacc,  and  the  lens  in  front  is  brought  to 
its  proper  position,  you  ece  a  line  of  bright  light  between 
the  drop  and  the  silver,  indicating  that  the  beam  of  the 
lamp  has  passed  underneath  the  drop  to  the  screen. 

The  spheroidal  condition  was  first  observed  by  Leiden- 
^^»6t,  and  I  might  give  yon  fifty  other  illiistrationa  of  it. 

Liquids  can  be  made  to  roll  on  liquids.  If,  moreover,  I 
take  this  red-hot  copper  ball  and  plunge  it  into  a  vessel  of 
hot  water,  a  loud  sputtering  is  produced,  due  to  the  escape 
of  iho  vapour  generated ;  still  the  contact  of  the  liqoid  and 
solid  is  only  very  partial :  let  the  ball  cool,  the  liquid  at 
k'ngtb  touches  it,  and  then  the  ebullition  is  so  violent  as 
to  project  the  water  from  the  vcbsgI  on  all  sides. 

M.  Uouttgny  has  of  Late  lent  new  interest  to  this  sub- 

t  by  expanding  the  field  of  illnstration,  and  applying  it 

>  tUu  c«|>laBation  of  many  extxnordlnary  eflects.     If  the 

1  be  wet,  it  may  be  passed  though  a  stream  of  molten 

]  H-ithoQt  injury.    I  have  seen  M.  Boutigny  myself  pass 

ll  yrvt  band  through  a  stream  of  molten  iron,  ami  toss  with 

a  fiugvra  the  fused  metal  from  a  crucible :  a  blacksmith 

irHl  lick  a  whlt^  hot  iron  without  fear  of  burning  Ids 


toDgne.    The  tongue  is  cfiectually  preserved  from  oonl 
with  the  iron,  by  Uie  vapour  developed  ;  and  it  was  to 
vnjKiur  of  tbo  cai'bontc  add,  wMuli  shielded  mc  irom 
contact,  tliat  I  owed  my  safety  whoa  I  put  the  substance 
into  my  month.    To  the  Bame  protective  infiueacc  many 
cscajie^  from  the  fiery  ordeal  of  ancient  times  liave  bei 
attributed  by  M.  Boudgny.    I  may  add,  that  the  expl 
tioD  of  the  spheroidal  condiUoii  given  by  M.  Boutjgny 
not  been  accepted  by  scientifio  men. 

Boiler  explosions  have  also  been  ascribed  to  the  water 
in  the  boiler  assuming  the  spheroidal  state ;  the  sodden 
developement  of  steam,  by  subsequent  contact  with  the 
heated  metal,  causing  the  explosion.  VfeHTB  more  ij 
rant  of  these  things,  than  we  ought  to  lie.    Experiment 


ilan^l 


science  has  brouglit  a  series  of  true  causes  to  light,  whid 
may  produce  these  terrible  catastrophes,  but  practical  a 
enoe  has  not  yet  determined  the  extent  to  which  thoy  » 
tually  oome  into  operation.  Tlie  eflbct  of  a  sudden  genci^ 
tion  of  steam  has  been  illustrated  by  an  experiment  whid 
r  will  now  maio  in  your  presence.  Here  is  a  copper  v 
sel,  V  (fig.  ES),  with  a  neck  which  I  can  slop  with  t 
cork,  through  which  half  an  inch  of  line  glass  tubing  passoi 
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I  heat  tlio  copper  vessel,  nml  pour  iuto  it  a  little  water. 

e  liquid  ie  uow  in  tlic  spheroidal  Gtate.    I  cork  the  vessel, 

]  the  smoU  ijimutity  of  sttiam  developed,  wliilo  the  vhHqt 

Idb  0pl)eroid:d,  escapes  tbroagh  the  glasB  tube.     I  now 

ressel  from  the  lamp,  and  wait  for  a  minute  or 

:  very  soon  the  water  will  come  into  contact  with  the 

;  it  now  does  so,  and  you  observe  the  result :  the 

i  driven,  as  if  by  the  esplogion  of  gunpowder,  to  a 

BODsidtrable  height  in  the  atmosphere. 

1  Lave  reserved  what  you  will  probably  thmk  the  most 

iateres^g  experiment  in  connection  with  this  subject,  for 

die  eoDclusion  of  to-day's  lecture.    M.  Boutigny,  by  means 

ihorous  acid,  first  froze  water  In  a  rod-hot  crucible ; 

1  Mr.  Faraday  subsequently  froze  mercury,  by  means  of 

ilid  carbonic  acid.    I  will  try  and  reproduce  this  latter  re- 

;  but  first  let  mo  operate  with  water.    I  have  hero  a 

V  sphere  of  brass  about  two  inches  in  diameter,  now 

rately  filled  TVith  water ;  into  the  sphere  I  have  liad 

s  wire  screwed,  which  is  to  serve  as  a  handle.    I  heat 

e  platinum  crucible  to  glowing  redness,  and  place  within 

e  lumps  of  solid  carbonic  acid.     I  pour  some  ether  on 

id — neither  of  them  comes  into  contact  with  the  hot 

le — they  are  protected  from  contact  by  the  elastic 

hioQ  of  vapour  which  Burrounds  them ;   I  lower  my 

)  of  water  down  upon  the  mass,  and  carefully  pilo 

monts  of  carbonic  acid  over  it,  adding  also  a  littlo 

The  jjasty  mass  within  the  red-hot  crudble  remains 

~f  cold  {  and  now  you  hear  a  crack !    I  am  thereby 

btiiAt  tho  experiment  will  succeed.    The  freezing 

■  tiiintt  tho  brass  xphere,  as  it  burst  the  iron  bottles 

r  ex[>oriment.    Round  tho  sphere  I  have  wound 

t  ftf  wire  to  jirevent  the  ice  from  falling  out.    I  now 

B  the  Bpliero,  peel  off  the  shattered  brass  shell,  and  ttioro 

e  a  solid  sphere  of  ice,  extracted  from  the  red-Iiot 

ndblo. 
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I  place  a  quantity  of  mercniy  in  a  conical  copper  spoon, 
and  dip  it  into  the  cradble.  The  ether  in  the  crucible  has 
taken  fire,  which  I  did  not  intend  it  to  do.  The  experiment 
ought  to  be  so  made,  that  the  carbonic  add  gas — the  choke- 
damp  of  minos— ought  to  keep  the  ether  from  ignition. 
But  the  mercury  will  freeze  notwithstanding.  Out  of  the 
fire,  and  through  the  flame,  I  draw  the  qpoon,  and  there  is 
the  frozen  mass  turned  out  before  you  on  the  table* 
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Kantmos  or  duted  *iii — winds— tok  uptk 

^^bIUUCE    or    AQCIOCB    TAFOCn    DPON  CLIHATK— 
^^Btr  HIE  WtSIKCa   ITLAKTIO — RllNriLL   IN    lOEl 

^^K-4vu(jiTi(>s   or  BNon- — roRMATiON  or  ICK  J 

^^^MUBUM — »CmrT   QLACICU. 

^^^P  AmXDIX: — DATA  CONCKBMNO   OLAC 

I^T  PROPOSE  devoting  an  hoar  to-d 


I  PROPOSE  devoting  an  hoar  to-day  to  the  considera- 
tion of  some  of  the  physitral  phenomoDa  wliich  exhibit 
tbeusolvee  on  a  large  scale  in  Nature,    And  firet,  with  re- 
1  lo  winds.      Ton  eee  those  Biinbnrners  now  almost 
lUy  tarned  down,  which  are  intended  to  iliumiiiate  this 
I  when  the  daylight  is  intercepted  or  gone.    Not  to 
B  ligtit  alono  were  they  placed  there ;  they  were  set  up, 
,  to  promote  ventilation.     Tlie  air,  heated  by  the 
expands,  and  issues  in  a  strong  vertical  current 
9  the  atmospbcre.     The  air  of  the  room  is  thereby  inces- 
wntly  drawn  upon,  and  a  fresh  supply  must  be  introduced 
to  make  good  the  lo!».    Our  chimney  draughts  ore  so  many 
UwUcal  winds  due  to  the  heating  of  the  air  by  our  fires. 
^^bJ  iguit«  this  piece  of  bron~n  paper,  the  flame  ascends ;  I 
^^nr  out  the  dame,  leaving  the  edges  of  tlio  paper  smok- 
^V^]  ihc  heated  edges  warm  the  air,  imJ  produce  currents 
irhieh  carry  the  smoke  ikmaid,    I  dip  the  smoking  paper 
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into  a  large  glass  vessel,  and  stop  the  neck  of  the  vob6 
prevent  tlio  escape  of  the  smoke ;  the  smoke  ascends 
the  light  jur  in  the  middle,  spreads  out  laterally  above, 
cooled,  and  falls  like  a  cascada  of  cloud  along  the  sides  of 
the  vessel.    I  have  here  a  heavy  iron  spatnla,  heated  to 
doll  redness  ;  as  I  hold  it  thus,  you  cannot  see  the  currents 
of  heated  sir  ascending  from  it.    But  I  can  show  them  to 
you  by  their  action  on  strong  light.    I  place  the  spatula  in 
tlie  beam  of  the  electric  lamp ;  here  is  the  shadow  of  tlia 
spatula  on  the  screen,  and  those  waving  lines  of  light 
shade  mark  the  streaming  up^rards  of  the  heated  air.    H( 
also  is  an  iron  spoon  containing  a  fragment  of  sulphi 
which  I  heat  until  it  ignites ;  I  plunge  the  sulphur  into  this 
jar  of  oxygen  :  the  combnslion  becomes  more  brilliant  and 
energetic,  and  the  air  of  tbe  jar  is  thrown  into  intense  com- 
motion.    The  fumes  of  the  sulphur  enable  you  to  track  the 
Storms  which  the  heating  of  tbe  air  produces  witbin  th«J 
jar.    I  use  the  word '  storms '  advisedly,  for  the  hnrricani 
which  desolate  the  earth  are  nothing  more  thwi  large  illi 
trations  of  the  effect  whioli  we  liave  produced  in  this  gli 
jar. 

From  the  heat  of  tlic  sun  our  winds  are  all  derived 
Wo  live  at  the  boliora  of  an  aerial  ocean,  which  is  to  a  r 
markahlo  degree  permeable  to  the  sun's  rays,  and  is  bal 
liitlc  disturbed  by  their  direct  action.    But  tliose  rays^ 
when  they  fall  upon  the  earth,  heal  its  surface ;  the  air  in 
contact  with  the  surface  shares  its  heal,  is  expanded,  and 
ascends  into  the  nppcr  regions  of  tlie  atmosphere.    Where 
the  rays  fall  vertically  on  tlic  earth,  the  heating  of  the  sur^^ 
face  is  greatest,  that  is  to  say,  between  the  tropics.     Heri 
atrial  currents  ascend  and  flow  laterally  north  and  soutti-J 
towards  the  pole?,  the  heavier  mr  of  the  polar  regionafl 
streaming  in  to  supply  the  place  vaciitcd  by  the  light  anji 
warm  air.    Thus  we  have  an  incessant  circulation.    " 
terday  I  mado  the  following  experiment  in  the  Lot  rooi 
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of  a  Turkiab  bath.    I  opened  wide  the  door,  and  held  a 

^hteil  taperin  the  doorway,  nudway  between  top  and 

ttom.     The  floine  rose  eU'mght  fVoiii  tlic  taper.    I  placed 

htnper  at  the  bottom,  it  was  blown  violently  inwards ;  I 

"  Bed  it  nti  the  top,  it  was  blown  violently  outwards.  Hero 

^  had  two  currents,  or  wind^,  eliding  over  eiich  other, 

i  moving  in  opposite  directions.    Thus,  also,  as  regards 

Jrhemispherc,  we  have  a  current  from  the  equator  sotting 

fttowarda  the  north  and  flowing  in  the  liigher  regions  of 

p  atetosphere,  and  another  flowing  towards  the  equator  in 

1  lower  regions  of  the  atmosphere.    These  are  the  npper 

I  the  lower  Trade  Wirnla. 

^  Were  the  earth  motionlosB,  these  two  cuncnts  would 
I  directly  north  and  south,  but  the  earth  rotates  fi'ora 
Bet  to  east  round  its  axis  once  in  twenty-four  hours.  In 
virtoa  of  this  rotation,  an  individual  at  the  equator  is  car- 
ried round  with  a  velocity  of  1,000  miles  an  hour.  You 
have  observed  what  takes  place  when  a  person  incaulionsly 
steps  out  of  a  carriage  in  motion.  He  is  animated  by  the 
motion  of  the  carriage,  and  when  hia  feet  touch  the  earth 
he  is  thrown  forward  in  the  direction  of  the  motion.  This 
is  wliat  renders  leaping  from  a  railway  carriage,  when  the 
train  is  at  full  speed,  almost  always  fatal.  Aa  we  with- 
draw from  the  equator,  the  velocity  duo  to  the  earth's  ro- 
tatioD  diminishes,  and  becomes  nothing  at  the  poles.  It  is 
proportional  to  the  radius  of  the  parallel  of  lulitudc,  and 
diminishes  as  these  circles  diminish  in  size.  Imagine,  then, 
idual  Buddenly  transferred  from  the  equator  to  a 
D  where  the  velocity,  due  to  rotation,  is  only  000  miles 
;  on  touching  the  earth  hero  ho  would  bo  thrown 
'ard  in  an  easterly  direction,  with  a  velocity  of  100 
■  aa  hour,  this  being  the  diflerence  between  the  equa- 
1  velocity  with  which  ho  started,  and  tho  velocity  of 
:h'«  mrfaco  in  his  new  locality. 
Wmilff''  considorations  apply  to  tho  transfer  of  uir  from 
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tie  equatorial  to  the  northern  regions,  and  vice  rerei.  . 
the  equator  the  air  posaesaes  the  velocity  of  the  earth's  si 
face  there,  and  on  quitting  this  position,  it  not  only  has  i 
tendency  northwards  to  obey,  but  also  a  tendency  to  t 
cast,  and  it  must  take  a  resultant  direction,  llie  fhrthor 
goes  north  the  more  is  it  deflected  from  its  original  coora 
Uie  more  it  tnms  towards  the  east,  the  more  it  becom 
Tvhat  we  should  call  a  westerly  wind.  The  oppoate  hofc 
good  for  tlie  current  pvocoQiUngfrom  the  north ;  thia  pass 
from  places  of  slow  motion  to  places  of  quick  motion :  it 
met  by  the  earth ;  hence  the  wind  which  started  a^  a  noil 
wind  becomes  a  north-cast  wind,  and  as  it  approaches  tl 
equator  it  becomes  more  and  more  easterly. 

It  is  not  by  reasoning  alone  that  we  arrive  at  a  kooil 
edge  of  the  existence  of  the  upper  atmospheric  otirrei 
though  reasoning  is  sufficient  to  show  that  compensate 
must  take  place  somehow, — that  a  wind  cannot  blow  in  a 
direction  without  an  equal  displacement  of  air  taking  pla 
in  the  opposite  direction.  But  clouds  are  sometimes  seen' 
the  tropica  high  in  the  atmosphere,  and  moving  in  a  directit 
opposed  to  that  of  the  constant  wind  below.  Could  we  d 
charge  a  light  body  with  sufficient  force  to  cause  it  to  pc 
etrate  the  lower  current,  and  reach  the  higher,  the  dJreciil 
of  that  body's  motion  would  give  us  the  direction  of  d 
wind  above.  Uuman  atrength  cannot  perform  this  expet 
mcnt,  but  it  has  neverthclesa  been  made.  Ashes  have  bet 
shot  thi-ongh  the  lower  current  by  volcanoes,  and,  from  tfi 
places  whei-o  they  have  subsequently  fallen,  the  ^reotit 
of  the  wind  wliich  carried  them  has  been  inferred. 
fessor  Dove  in  his  '  Wittemngs  Verhaltnisse  von  Berlin 
cited  the  following  instance :  '  On  the  night  of  April  30ti 
exi>losion8  like  those  of  heavy  artillery  were  heard  at  Barb 
does,  so  that  the  garrison  at  Fort  St.  Anne  remained  all  nig] 
under  arms.  On  May  1,  at  daybreak,  the  eastern  portit 
of  the  horizon  appeared  cleai',  ^vhile  the  rest  of  the  firm 
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Dwnt  waa  covered  by  a  black  cloud,  which  BOon  extended 

10  ll)o  east,  quenched  the  light  there,  apd  at  leugth  pro- 

<lut«d  a  diirkncss  eo  dense  that  the  windoive  iii  the  rooma 

coiUd  not  be  discerneiL     A  shower  of  ashes  descended, 

unJer  wblcti  the  tree  briinchea  bent  and  broke.     Whence 

came  these  ashes  ?    From  the  direction  of  the  wind,  we 

tdiould  infer  that  they  came  from  the  Peak  of  the  Azores : 

they  oiune,  however,  J'roni  the  volcano  Mome  Garon  in  St. 

Vincent,  which  lies  about  100  miles  west  of  Barhadocs.  The 

uhv8  had  been  cast  into  the  current  of  the  upper  trade.    A 

second  example  of  the  same  kind  occurred  on  January  20, 

1635.     On  the  24th  and  25th  the  sun  was  tlaikened  in  Ja- 

muca  by  »  shower  of  fine  ashes,  which  had  been  discharged 

ftom  the  mountain  Coseguina,  distant  800  miles.    The  peo- 

fie  learned  in  this  way  that  the  explosions  previously  heard 

e  not  those  of  artillery.    These  ashes  could  only  have 

1  carried  by  the  upper  current,  as  Jamaica  lies  north- 

t  from  the  mountain.    The  eanic  emption  gives  also  a 

ntifnl  proof  that  the  ascending  lur-currcnt  divides  itself 

ire^  for  ashea  fell  npon  the  ship  Conway  in  the  Pacific, 

■  dUtance  of  Too  miles  sonth-west  of  Coseguina. 

'  Even  on  the  highest  summits  of  the  Andes  no  traveller 

9  yet  reached  the  upjjer  trade.   From  this  some  notion 

J  bo  formed  of  the  force  of  the  explosions ;  they  were 

iflccd  trcraendoug  in  both  instances.   The  roaring  of  Cose- 

'lina  was  heard  at  San  Salvador,  a  distance  of  1,000  miles. 

'  iiion,  a  seaport  on  the  west  coast  of  Couchagua,  was  in 

^^^•olutc  ilarkness  for  forty-three  hours ;  as  light  began  to 

^^Mrn  it  was  observed  that  the  sca-ehoro  had  advanced  SOO 

^^Bt  upon  the  ocean,  through  the  mass  of  aihcs  which  had 

^^■en.    Tlie  eruption  of  Mome  Garoa  i'orms  the  last  link 

nf  a  dimn  of  vast  volcanic  actions.    In  Juno  and  July 

IBll,  near  St.  Sligucl,  one  of  the  Aaores,  the  island  S.ihri- 

IM  rose,  accompamed  by  smoke  and  ilamc,  from  the  bottom 

La  sea  1*0  feet  deep,  attained  n  height  of  800  feet  and  a 
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circumference  of  a  mfle.    The  small  AnlolleB  were  8 
wards  shoken,  and  subseqaenlly  tbe  vnlleya  of  the  Miss! 
eipjii,  Arkansas,  and  Ohio.     Bnt  tlie  clastic  forces  found  a 
vent ;  they  sought  one,  then,  on  tho  north  coast  of  Coloi 
bia.    llarcli  26  began  as  a  day,of  extraordiiiary  heat  1 
Caraccas ;  the  air  was  clear  and  the  flmiainent  cloudlei 
It  was  GrecD  Thnrsday,  and  a  regiment  of  troops  of  tl 
line  stood  nndcr  arms  in  the  barradca  of  the  quarter  Si 
Curloa  ready  to   join   in   the   proocsaion.     Tho 
streamed  to  the  churches.     A  lond  subterranean  thtind 
was  heard,  and  immediately  afterwards  followed  an  e 
quake  shook  so  violent,  that  the  church  of  Alta  Gracta,  19 
feet  in  height,  borne  by  pillars  fifteen  feet  thick,  formed 
heap  of  crushed  mbbish  not  more  than  six  feet  high, 
the  evening  the  almost  full  moon  looked  down  with  mi 
lustre  upon  the  ruins  of  tlie  town,  under  which  lay  t 
crnflhod  bodies  of  upwards  of  10,000  of  ita  inhabiuui 
But  even  here  there  waa  no  esit  granted  to  the  elaat 
forces  underneath.    Finally,  on  April  27,  they  Bucceeded 
opening  once  more  the  crater  of  Morae  Garou,  which  h 
been  closed  for  a  century  ;  and  the  earth,  for  a  c 
equal  to  that  from  Vesuvius  to  Paris,  rung  with  tho  thu 
der-shout  of  tho  liberated  prisoner.' 

I  have  here  a  terrestrial  globe,  on  which  I  now  tr» 
with  my  hand  two  meridians ;  they  start  from  the  equat 
of  the  globe  a  foot  apart,  which  woidd  correspond  to  ab< 
1,000  miles  on  the  earth's  surface.  But  these  meridi 
as  they  proceed  northward,  gradually  approach  each  otl 
and  meet  at  tho  north  pole.  It  is  manifest  that  tKefl 
which  rises  between  thesejneridians  in  the  equatorial  i 
gions  must,  if  it  went  direct  to  the  pole,  squeeze  itself  il 
an  ever-narrowing  bed.  Wore  the  earth  a  cylinder  inste 
of  a  sphere,  wc  might  have  a  circulation  from  the  raidi 
of  the  cylinder  quite  to  each  end,  and  a  return  current  fn 
eacli  end  to  the  middle.     But  this,  in  the  case  of  the  car 
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is  imposeible,  simply  because  the  space  around  tho  poles  is 
imabte  U>  emlinice  the  air  from  the  equator.  The  cooled 
equatorial  air  sinks,  nnd  the  return  current  seta  in  before 
the  poles  arc  attained,  and  this  ocoora  more  or  Iobb  iri'egu- 
haiy.  The  two  currents,  moreover,  lustcnd  of  flowing  one 
<mT  th«  other,  oden  flow  beside  each  other.  They  con- 
stitute rivers  of  air,  with  iDcessantly  shifting  beds. 

These  are  tho  great  winds  of  our  atmosphere  which, 
howo\'er,  arc  materially  modified  by  the  irregular  distribu- 
tkm  of  Und  and  water.  Winds  of  minor  importance  also 
through  the  local  action  of  heat,  cold,  and  evapora- 
Thcre  are  winds  produced  by  the  heating  of  the  air 

Alpine  valleys,  and  which  sometimes  rush  with  sudden 
destmetive  violence  down  the  gulleys  of  the  moun- 
:  gieatler  down-flows  of  air  are  produced  by  the  pres- 
of  glaciers  upon  the  heights.  There  are  the  land 
breew  and  the  eea  breeze,  due  to  the  varying  temj>craturc 
of  the  Bca-board  soil,  by  day  and  night.  The  morning  sun 
ixuktiitg  the  land,  produces  vertical  displacement,  and  tho 
air  from  the  sea  moves  landwaid.  In  the  evcuing  the  land 
1*  mors  chilled  by  radiation  than  tlie  sea,  and  the  conditions 

reversed ;  the  heavy  air  of  the  land  now  flows  seaward. 

Thtu,  then,  a  portion  of  the  heat  of  the  tropics  ia  sent 

an  aerial  messenger  towards  the  poles,  a  more  equable 
ibntioQ  of  terrestrial  warmth  being  thus  fieonred.  But 
in  its  Sight  northward  tho  air  is  accompanied  by  another 
wbatancc — by  the  vaponr  of  water,  which,  you  know,  is 
perfectly  transparent.  Imagine  the  oceim  of  the  tropics, 
giving  forth  its  vapour,  wliioh  promotes  by  its  hghtness  the 
asoQut  nf  tho  associated  air.  They  expand  as  they  ascend : 
St  a  height  of  16,000  feet  the  air  and  vaponr  occupy  twice 
tfan  volume  wliicli  ihey  embraced  at  the  sea  level.  To  so- 
core  tills  space  they  must,  by  tlieir  elastic  force,  push  away 
the  air  in  all  directions  round  them ;  they  must  perfonii 
votIc  ;  oad  this  work  cannot  be  performed,  save  at  the  ex- 
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pense  of  the  warmth  with  which  they  were  In  the  first 
stance  charged. 

The  vapour  thus  chilled  is  no  longer  competent  to  retain 
the  gaseous  form.     It  is  precipitated  as  cloud ;  the  cloud 
descends  as  rain ;  and  in  the  region  of  calms,  or  directly 
under  the  sun,  where  the  air  is  first  drained  of  its  aquei 
'  load,  tlie  descent  of  r^n  is  cnormouB.    The  sun  does 
remain  always  verticaUy  over  the  same  parallel  of  latiti 
— he  is  sometimes  north  of  the  equator,  sometimes  soi 
of  the  equator,  the  two  tropics  limiting  his  excursion. 
Wlien  ho  is  south  of  the  equator,  the  earth's  surface  north 
of  it  is  no  longer  in  the  region  of  calms,  but  in  a  rcgi<ffl 
neroBB    which    the   aerial   current   from   the  north    fl( 
towards  the  region  of  calms.    The  moving  air 
slightly  charged  with  vapour,  and  as  it  travels  from  n< 
to  south  it  becomes  ever  warmer;  it  constitutes  a 
wind,  and  its  capacity  to  retain  vapour  is  eontinnally  ai 
menting.    It  is  philn,  from  these  considerations,  that  ei 
place  between  the  tropie.i  must  have  its  dry  season 
rainy  season  -,  dry  when  the  sun  is  at  the  opposite  side 
the  equator,  and  wet  when  the  sun  is  overhead. 

Gradually,  however,  ae  the  npper  stream,  which  rii 
fi^om  the  equator,  and  flows  towards  the  poles, 
chilled  and  dense,  it  sinks  towards  the  earth  ;  at  tie  P( 
of  Teneriffe  it  has  already  sunk  below  the  summit  of 
mountain.     With  the  contrary  wind  blowing  at  the  bi 
the  traveller  finds  the  stream  from  the  equator  blo' 
strong  over  the  top.    Farther  north  the  equatoiifJ  wind 
sinks  lower  etlll,  and  finally  quite  reaches  the  surface  of 
the  earth.     Europe,  for  the  most  part,  is  overflowed  by 
this  equatorial  current,     Here  in  London,  for  eight  or 
months  in  the  year,  south-westerly  winds  prevail. 
mark  what  an  influence  tliis  must  have  upon  our  clinij 
The  moisture  of  the  eqnatoiial  ocean  comes  to  us  endowi 
■with  potential  energy ;   witli  its  molecules  separate, 
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Uwrefore  competent  to  clash  and  develope  beat  by  their 

'     BBlBsion ;  it  comes,  tf  yon  ■n-jll,  charged  witb  latent  beat. 

^^Kur  noTthcm  atmosphere  the  collision  takes  place,  and 

^^■liGat  generated  is  a  main  eonrco  of  warmth  to  our  cU- 

^^PU.  Were  it  not  tor  tlie  rotation  of  the  earth,  we  should 

^TaT«  oror  us  the  hot  dry  blasts  of  Africa  ;  but  owing  to 

;?  rotation,  the  wind  which  starts  northward  from  the 

^:ilf  of  Mexico  i3  deflected  to'£uropo.    Europe  is,  therc- 

I  TO,  the  recipient  of  those  etores  of  latent  heat  wliich  were 

Ji  i-ised  in  the  western  Atlantic.     Tlie  British  Isles  como 

:  ht  the  greatest  share  of  this  moisture  and  heat,  and  Ibis 

'cumstance  adds  itself  to  that  already  dwelt  upon — the 

.li  specific  heat  of  water — to  presenc  our  climate  from 

rremes.    It  is  this  condition  of  things  which  makes  our 

I. If  BO  green,  and  which  gives  the  blossom  to  our  mald- 

--'  cheeks.     A  Genmin  writer,  Moritz,  expresses  himself 

I  these  points  in  the   following  ardent   words: — 'Ye 
' '  oraing  youtbfid  faces,  ye  green  meadows  and  streams 

'  tills  liappy  land,  bow  have  ye  enchanted  mo  !  O  Kitb- 
.  mi,  liichmond !  never  can  I  forget  the  evening  when, 
-ill  of  delight,  I  wandered  near  yon  np  and  down  along 
'■  flowery  banks  of  the  Thames,  This,  however,  must 
■  iletaia  mo  from  that  dry  and  sand-strewn  soil  on  which 
'  :\i:  haa  appoint«d  me  my  sphere  of  action.'  All  this  poe- 
■J  and  enchantment  arc  derived  directly  from  aqueous 
jjioor,* 
As  we  travel  eastward  in  Europe,  the  amount  of  a^tic- 

II  precipitation  grows  less  and  less ;  the  air  becomes  more 
i'l  more  dr:uncd  of  ita  moistnro.    Even  between  the  e.iBt 

i  west  coaflts  of  our  own  islands  the  differfflice  is  senKi- 

'  ■.  :md  local  circnmstancoa  also  have  a  powerful  influence 

the  amount  of  precipitation.     Dr.  Lloyd  finds  llic  me:m 

.  ^y  temperature  of  tie  western  coast  of  Ireland  about 


•  fa  rclatlou  to  BAiIiniit  tloil  U  (lcvcl'jt>etl  in  Lecture  XI, 
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two  degrees  higher  than  that  of  the  eaatem  coast,  at  the 
Bsme  height,  and  in  the  same  parallel  of  latitude.  Ilia 
totiU  amoont  of  raiu  which  fell  in  the  year  1S51,  at 
stations  in  the  island,  is  given  in  the  following  table 

Billion  RalD  Id  Inolit* 

PorlurliiigtOD 
KUIuugh      . 
Dulilin 
Athj. 
DooBgluuIuc 
Courtown  . 
Eilni9b      . 
Armagh 
Kniyb^a   - 
Dunmore    . 
Fortnish 
Buriocnino 
Mnrkreo 

CllBt1?C0W113C1ll] 

Wcatporl    . 
Cabircivcen 

With  reference  to  this  tabic.  Dr.  Lloyd  remarks — 

'  1.  That  there  is  great  diversity  in  the  yearly  amon 
of  rain  at  the  different  Btationa,  all  of  whicli  (excoptii 
four)  are  but  a  few  feet  above  the  sen  level ;  tlie  great* 
vain  (at  Cahircii'een)  being  nearly  three  times  as  great 
the  least  (at  Portarlington). 

'  2.  That  the  stations  of  least  rain  are  either  Inland  t 
on  the  eastcm  coast,  while  those  of  the  greatest  rvata  s 
at  or  no.ir  the  western  coast. 

'  3.  That  the  amotmt  of  rrun  it^  greatly  dependent  li 
the  proximiiy  of  a  mountain  cfiain  or  group,  being  alw* 
considerable  in  snch  neighbourhood,  nnJess  the  Btation 
to  the  north-east  of  the  same. 

'  Thns,  Portarlington  lies  to  the  north-cjiBt  of  S 
bloom ;  Killongh  to  the  northeast  of  the  Moumc  rang 
Dublin,  north-east  of  the  Wioklow  range,  and  f 
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iir  oticr  band,  the  etattons  of  greatest  rain,  Caliirciveen, 
■:  i<tl«IOTns«tid,  Westport,  &o.,  are  in  the  vicinity  of  high 
monntaiug,  bnt  on  a  different  side.'  * 

Tliis  distribution  of  heat  by  the  transfer  of  massps  of 

heated  air  from  place  to  place,  has  btcn  called '  convection,' 

ill  nyntradistinction  to  the  process  of  condoction,  which 

ill  be  treated  in  oar  nest  lecture.    Heat  is  distributed  in 

iiuiiar  manner  tlirough  liquids.     I  have  here  a  glass  cell, 

M^.  64),  containing  warm  water  ;  I  place  it  in  front  of 


^  ricctric  liimp,  and  by  means  of  a  converging  lena, 
r  a  magnified  iiuage  of  the  cell  npou  the  screen.    I 
bintroduee  the  end  of  this  pipette  into  tlie  water  of  the 
Band  allow  a  little  cold  water  to  gently  enter  the  hot. 
J  diffiirence  of  refraction  between  both  enables  you  to 
■  tfae  hea^-y  cold  water  falling  through  the  lighter  warm 
The  ejiperiment  succeeds  still  better  ivlien  I  allow 
leut  of  ice  to  float  npon  the  surface  of  the  water, 
ica  melts,  it  sends  long  lieaTj  stria)  downwards  to 
nottom  of  the  celL    You  obscn'c,  as  I  cause  the  ice  to 

'  TIw  RTMlcst  nuatiH  recorded  hj  Sir  John  HcrBiibel  in  his  Wblo 
''toomh^.  110,  &c,)  occur*  at  Cbcrra  riingce,  wbere  tlic  minuBl  full  fa 
1  tnchui.  Il  i»  not  mj  ohjoct  to  enter  far  ihW  ilio  siilijert  of  mcti-or- 
pi  fot  the  fullisl  and  niDrt  accurate  infonuo^on  the  rtailcrwiUiefcr  to 
It  woria  nt  Sir  John  nctcchcl  nod  ProTcsBor  Do*e. 
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move  along   the  top,  how  these  streams  of  cold  wal 
dyscend  through  the  hot.    I  now  reverse  the  experii 
placing  cold  water  in  the  cell,  and  hot  water  in  tlie  pipi 
Care  is  here  necessary  to  allow  the  warm  water  to  cntei 
without  any  momeiitmn,  which  would  carry  it  inochanicaUj 
down.     Yon  notice  the  effect.     The  point  of  the  pipette, " 
in  the  middle  of  the  cell,  and  you  see,  as  the  warm  a 
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enters,  it  speedily  tuma  upwards  (fig.  63)  and  overflows  ^_ 
top,  almost  as  oil  would  do  imder  the  same  ciruiimstanoes. 

Wlien  a  vessel  containing  water  is  heated  at  the  hot 
torn,  the  warmth  communicated  is  thus  diffused.  You  maj 
Fee  the  direction  of  the  ascending  warm  currents  by  meaoe 
of  the  electric  lamp,  and  also  that  of  the  currents  whidi 
descend  to  occupy  the  place  of  the  lighter  water.  Hero  Is 
a  vessel  containing  cochineal,  the  fragments  of  which, 
being  not  much  heavier  than  the  water,  freely  follow  tht 
direction  of  its  cnrrents.  Yon  see  the  pieces  of  oodunea 
hroaking  loose  from  the  he.ited  bottom ;  ascending  along 
the  middle  of  the  jar,  and  descending  ag^n  by  the  udCB 
In  the  Geyser  of  Iceland  this  convection  occurs  oa  &  grant 
Bcilc.  A  fragment  of  paper  thrown  npon  the  centre  of  U 
water  which  fills  the  pipe  is  instantly  drawn  towarditf 
Bide,  and  there  sucked  down  by  the  descending  onrrQiitX 

Partly  to  this  cause,  bm  mainly,  perhaps,  to  the  a 
of  winds,  currents  establish  tliemselvea  lu  the  oc«au,  |j 
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;  irorfnlly  infloeuce  climnte  by  the  Iient  which  thoy  dls- 
uiOutc  The  most  rcmArkablu  of  these  currents,  and  by 
the  most  imporUmt  for  us,  is  the  Bo<:alkd  Gutf-struani, 
sweeps  across  tbo  Atlantic  from  the  equatoriiil  re- 
through  the  GiJf  of  Mexico,  whence  it  dGrivcH  its 
tsinnc.  As  it  quits  the  straits  of  Florida  it  has  a  tempcra- 
iia  of  83"*  Fahr.,  thence  it  follows  the  coast  of  America  as 
.r  as  Cape  Fear,  wlience  it  starts  across  the  Atlantic,  tak- 
.  L'  a  north-easterly  course,  and  finally  ivasliiiig  the  coast 
1  Ireland,  and  the  north-western  shores  of  Europe  gcu- 
~Jly.  As  might  bo  expected,  the  influence  of  tliis  body 
■'1  warm  water  makes  itself  most  evident  in  oiir  winter. 
Il  then  entirely  abolii^ies  the  difi'creuce  of  temperature 
iluc  to  the  diflcrenco  of  latitude  of  uorth  and  south  DnI- 
»in ;  if  we  walk  from  the  Channel  to  the  Shetland  Isles,  in 
.Innnaiy,  we  encoantcr  everywhere  the  same  tompcraliii'c. 
The  Isotliennal  lino  runs  nortli  and  south.  Tlic  presence 
of  tile  water  renders  the  climate  of  western  Europe  totally 
different  from  that  of  the  opposite  coast  of  America.  The 
river  Iluilson,  for  example,  in  the  latitude  of  Rome,  is 
fro*eu  over  for  three  months  in  the  year.  Starting  from 
""  in  January,  and  proceeding  rotmd  St.  John's,  and 

to  Iceland,  we  meet  everywhere  the  samo  teinpera- 
The  harbour  of  Hammerfest  derives  great  value  from 
it  that  it  is  clear  of  ice  all  the  year  roimd.     Tins  is 
tito  Golf-stream  wbieh  sweeps  round  the  Nortli 
and  fio  modifies  the  climnte  there,  that  at  some 
by  proceoiling  northward,  you  enter  a  warmer  rc- 
Tite  contrast  between  northern  Europe  and  the  east 
if  AiQcrica  caused  Ralley  to  surmise  that  the  north 
'  tlie  eartli  had  shifted ;  th.at  it  was  fonnerly  situate 
iwhorc  near  Behring'a  Straits,  and  that  the  intense 
ibeen-cd  in  these  regions  is  really  the  cold  of  the  an- 
pole,  which  had  not  been  entirely  subdued  since  tlio 
chiiDgcd  ha  direction.     But  now  we  know  that  tlie 
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Gulf-Btream  and  tlie  diffiision  of  heat  hy  iviiids  and  vapcn: 
are  tlie  real  eauscs  of  Europeau  mildness.  On  ttic  westt 
coast  of  America,  between  tlie  Roeky  mountains  and  t 
ocean,  we  find  a  European  climate- 
Europe,  then,  is  the  condenser  of  tlie  Atlantic ;  and  t 
mountains  are  the  eliief  condensers  in  Europe,  On  Iba 
moreover,  when  they  arc  eufficieutly  higb,  the  condena 
vapour  descends,  not  iu  a  liquid,  but  a  solid  foim.  Lot 
look  to  tliis  water  in  its  birthplace,  and  follow  it  tlimiij 
its  subsequent  course.  Clouds  float  in  the  air,  and  hen 
tlic  surmise  that  they  arc  composed  of  vesicles  or  biftddi 
of  water,  thus  forming  gAdts  instead  of  «pA«YA  Emine 
travellers  say  that  they  have  seen  these  bubbles,  and  ih( 
Btatcments  are  entitled  to  all  respect.  It  is  certain,  ho' 
ever,  that  the  water-particles  at  high  elevations  jioasess,  < 
or  after  precipitation,  the  powers  of  building  themselv 
into  crystalline  forms ;  they  thus  bring  forces  into  i ' 
which  wo  have  hitherto  been  accustomed  to  regard 
moiecnlar,  and  which  could  not  be  ascribed  to  the  a 
gates  necessary  to  form  vesicles. 

Snow,,  perfectly  formed,  is  not  an  irregular  ag^rcga 
of  ice-particles ;  in  a  calm  atmosphere,  the  aqueous  atoi 
arrange  themselves  so  as  to  form  the  most  exquisite  6gi 
You  liave  seen  those  six-potalled  flowers  which  form  tliei 
sclveti  within  a  block  of  ice  wlien  a  beam  of  heat  is  a 
through  it.    The  snow-crystals,  fonncd  in  a  calm  atni 
pherc,  are  built  upon  the  sanio  type :  the  molecules  arranj 
themselves  to  fonn  hexagonal  stars.     From  a  central  nt| 
leus  shoot  six  spiculie,  every  two  of  which  are  s 
by  an  angle  of  80°.    From  these  central  ribs  smaller  b; 
uhii    shoot  right  and  left  with  unerring    lidelity  to  tl 
angle  GO",  and  from  these  ag.iin  other  smaller  oneB  dlTei] 
at  the  same  angle.    The  Mx-leaved  blossoms  assume  tl 
most  wonilcrfW  variety  of  form ;  their  tracery  ia  of  tl 
flnost  frozen  gauzo ;  and  round  about  their  ooniers  othi 
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rosettes  of  Bitutllcr  dimensiona  often  cling.  Beauty  is  au- 
lierposeti  upon  licanty,  as  if  Natiiro,  onco  committed  to  her 
tuk,  took  dcliglit  in  showing,  even  within  the  narrowest 
limits,  the  wealth  of  her  resources.* 

These  frozen  hlossoms  constitute  our  mountain  snows  ; 
they  load  the  Alpine  heights,  where  their  frail  architecture 
B  defftroTcd  by  the  accidenta  of  the  weather.  Every 
T  they  fall,  and  every  summer  they  disappear,  but  tlila 
B  action  does  not  perfectly  compensate  itself.  Be- 
r  a  certain  line  w.irnith  is  predominant,  and  the  quantity 
I  falls  every  winter  is  entirely  swept  away;  above 
■  line  cold  is  predominant,  the  quantity  which  falls  is  in 
ciccss  of  the  quantity  melted,  and  an  annual  residue  rc- 
Ruiiis.  In  winter  the  snows  reach  to  the  phiins ;  in  sum- 
niar  Ihoy  retreat  to  the  snme-line, — to  that  particulai"  lino 
where  the  snow-fall  of  every  year  is  exactly  balanced  by 
the  consumption,  and  above  which  is  the  region  of  eternal 
foiows.  But  if  a  readue  remains  annually  above  the  snow 
line,  the  raountains  must  be  loaded  with  a  burden  which 
increases  every  year.  Supposing  at  a  particular  point 
al>ot-e  the  line  referred  to,  a  layer  of  three  feet  a  year  is 
culdvd  to  the  mass ;  this  deposit,  accumulating  even  throngh 
lUo  brief  period  of  the  Christian  era,  would  produce  an 
cluvaciou  of  S,580  feet.  And  did  such  accumulations  con- 
tinue throughout  geologic  instead  of  historic  ages,  there  is 
no  knowing  the  height  to  which  the  snows  would  pile 
tUcuiselves.  It  is  manifest  no  accumulation  of  this  kind 
Ltikes  pLioe ;  the  iiuantity  of  snow  on  the  mountiuns  is  not 
arigmenting  in  ihis  way  ;  for  some  reason  or  other  the  sun 
13  not  permitted  to  lift  the  ocean  out  of  its  bosms  and  pile 
its  wat«r!i  permanently  upon  the  hills. 
^^Bot  how  is  this  annually  augmenttng  load  taken  off  tJio 

f  Sm  OB-  80.  in  which  etc  eopic<I  noma  of  tbo  bcBUtiAil  Jrawinge  of 
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'  oulders  of  the  tnonnljuns  ?    The  mows  sometimes  dctacli 
'  i.maelves  and  rnsb  down  the  slopes  m  avulaiichea,  melting 
i  wat«r  in  tlie  warmer  air  below.     But  the  violent  nisli 
1*  lUo  a%-9ilunchc  is  not  tlidr  only  motion  ;  they  also  creep 
'  .  almost  insensible  degrees  down  the  slopes.    As  layer, 
.ircorer.  Leaps  itself  upon  layer,  the  deeper  portions  of 
'I'j  uiAiis  become  ujueczcd  and  consolidated;  the  nil*  first 
iiirapped  in  the  meshes  of  tbe  snow  ia  squeezed  out,  and 
-',11.'  compressed  muss  approximates  more  and  more  to  tho 
tiiaracter  of  ice.     You  know  how  the  granules  of  n  snow- 
ball will  adberc  ;  you  know  how  liord  you  can  make  it  if 
mi^cidcvously  inclined :  the  snow-ball  is  incipient  ice  ;  aug- 
mrat  your  pressure,  and  yon  actually  convert  it  into  ice. 
But  C'vcn  after  it  baa  attained  a  compactness  which  would 
ealitlo  it  to  bo  called  ice,  it  ia  still  capable  of  yielding 
0  or  Iwe,  as  tbe  snow  yields,  to  pressure.   Wben,  thcre- 
t,  s  sufficient  dcplh  of  tho  substance  collects  upon  tho 
ih's  surface,  the  lower  portions  are  squeezed  out  by  tbo 
)  of  tie  npper  ones,  and  if  tho  snow  rests  npon  a 
I,  it  will  j-ield  principally  in  the  direction  of  the  slope, 
I  move  downwards. 
Iibi  motion  is  incessantly  going  on  along  the  slopes  of 
w-iaden   moimtain ;    in   the  Hiumlayaa,    in  tho 
IL,  In  the  Alps ;  but  in  addition  to  this  motion,  which 
mdfl  upon  the  power  of  the  substance  itself  to  jield  to 
\  there  is  also  a  sliding  motion  over  the  inclined 
The  consolidated  snow  moves  bodily  over  the  moun- 
■  slope,  griniling  off  the  asperities  of  the  rocks,  and  pol- 
ing their  hard  eurfacts.     The  under  surface  of  tho 
^ty  i>olishcr  is  also  scarred  and  furrowed  by  iho  rocks 
r  wliK^  it  lias  passed ;  but  aa  tlio  compacted  snow  de. 
mds,  it  etitera  a  warmer  region,  is  more  copiously  melted 
md  sometimes,  before  llic  base  of  its  slope  is  rcncbcd,  it  is 
WvhoUy  cut  off  by  fusion.    Someliuiea,  however,  largo  and 
h  valleys  reeclvo  tbe  gelid  masses  thus  sent  down ;  in 
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tlieac  valleyB  it  ia  further  consolidated,  and  tbrongh  Ihem 
it  moves,  at  a.  slow  but  mensurable  pace,  iiuitaticg  in  all  its 
motions  those  of  a.  river.    The  ice  is  thus  earned  far  be- 
yond tlie  limits  of  perpetual  enoiv,  until,  at  length,  the  coikJ 
sumption  below  equals  the  supiily  above,  and  at  this  p 
the  glacier  ceases.    From  the  snow-liue  downwards  in  sui 
iner,  we  Lave  ice/  above  the  snow-Une,  both  summer  a 
winter,  we  have,  on  the  eurfaw!,  enow.     The  portion  bolovl 
the  snow-line  is  called  a  (f/atiier,  that  above  ihe  snow-line  il 
called  the  ttivi.     The  neve,  then,  is  the  feeder  of  : 
glacier. 

Several  valleys  thus  filled  may  imito  in  a  single  vall^^ 
the  tributary  glaciers  welding  themselves  togetJier  to  form 
a  trunk  glacier.     Both  ihe  main  valley  and  ils  tributaries 
arc  often  sinuous,  and  the  tributaries  must  change  their  di- 
rection to  form  the  trunk.     The  width  of  the  valley,  also, 
often  changes ;    the  glacier  is    forced   through    narrow 
gorges,  widening  after  it  has  passed  them ;  the  centre  of 
the  glacier  moves  more  quickly  than  the  sides,  and  tlio  . 
surface   more   quickly  than   the   bottom.     The   point  i 
swiftest  motion  follows  the  same  law  as  that  observed  i| 
the  flow  of  rivers,  changing  from  one  side  of  the  centre  t 
the  other,  as  the  flexure  of  the  valley  changes.*     Most  oft| 
the  great  glaciers  in  the  Alps  have,  in  Bummer,  a  centr 
velocity  of  two  feet  a  day.     There  are  points  on  Uie  Mtt 
de-Glacc,  opposite  the  Monfenrert,  which  have  a  dail/  n 
lion  of  thirty  inches  in  summer,  and  in  winter  have  1 
found  to  move  at  half  this  rate. 

Tlie  power  of  accommodating   itself  to  the  dianni 
throngli  which  it  moves  has  led  eminent  men  to  assui 
that  ice  is  viscous ;  and  Uie  phenomena  at  first  sight  sec 
to  enforce  this  assumption.  The  glacier  widens,  bends,  i 
narrows,  and  its  centre  moves  more  quickly  than  its  si 

■  Fur  the  data  on  which  tills  law  is  Touuilcil  sec  Appendix  to  iliisL 
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s  viscoos  DUS3  ■would  nndonttedly  do  the  eame.    But  tho 
most  delicate  experiments  on  tbe  capacity  of  ice  to  yield 

tsUain,  to  stretch  6ut  liko  treacle,  honey  or  tar,  liavo 
ed  to  detect  this  stretching  power.    Is  there,  then,  any 
er  |ihj-Bical  qnality  to  which  the  power  of  accommoilu- 
I  possessed  by  glacier  ice,  may  be  referred  ? 
Let  u§  approach  this  Hubjoct  gradually.    We  know  that 
our  is  continually  escaping  from  the  Jree  Burfaco  of  a 
[id ;  that  the  particles  at  tho  surface  attain  their  gaseoiit< 
librTty  sooner  than  the  particles  within  the  liquid ;  it  is 
i^^lura!  to  cipect  a  similar  state  of  things  with  regard  to 
n:e;  that  when  the  temiwrature  of  a  mass  of  ice  is  uni- 
fonnly  augmented,  the  first  particles  to  attain  liquid  liberty 
ire  those  at  the  surface ;  for  here  they  are  entirely  free, 
«n  one  side,  from  the  controlling  action  of  the  surrounding 
^HMicles.      Supposing,   then,  two    pieces    of   ice    raised 
^^knghoat  to  32",  and  melting  at  this  tcmperaturo  at  their 
^^B&cea ;  what  may  bo  expected  to  take  place  if  wo  place 
^^Bb  liquefying  surfaces  close  together  ?     Wo  thereby  vir- 
Inally  transfer  these  surfaces  to  the  centre  of  tho  ice,  where 
the  motion  of  each  molecule  is  controlled  all  roimd  by  its 
^^Mgiiboure.    As  might  reasonably  be  expected,  the  liberty 
^^ftHqnidity  at  each  point  where  the  surfaces  touch  each 
^^BeTi  is  arrested,  and  the  two  pieces  freeze  together  at 
P^Bbm  points.    Let  us  make  the  experiment :  Here  are  two 
nuEBGS  which  I  have  jiiat  cut  asunder  by  a  saw ;  I  place 
their  Sat  surfaces  together ;  half  a  minute's  contact  will 
fDoe  ;  they  are  now  frozen  together,  and  by  taking  hold 

B  of  them  I  thus  lift  tliem  both. 

V  This  ia  the  effect  to  which  attention  was  first  directed 

pMr.  Faraday  in  Juno  18C0,  and  which  is  now  known 

lor  tho  name  of  Regtiation.    On  a  hot  summer's  day,  I 

e  gone  into  a  shop  in  the  Strand  where  fragments  of  ico 

»  ezpoeod  iu  a  basin  in  the  window ;  and  with  the 

I  permission  have  hiid  hold  of  the  topmost  piece 
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of  ic«,  and  by  tncaiia  of  tt  have  lifted  tlie  wliole  or 
pieces  bodily  out  of  iLe  disii.  Tliough  tUe  tliermometcr  i 
the  time  stood  at  80°,  tbo  pieces  of  iuc  had  frozen  togothi 
III  their  points  of  junction.  Even  under  Lot  water  th 
efl'ecl  tal(cs  place ;  I  have  hero  a  basin  of  water  as  hot  i 
my  hand  can  bear ;  I  plunge  into  it  these  two  pieces  0 
ice,  and  hold  them  together  for  a  moment :  they  arc  na 
frozen  together,  not witliBtan ding  tbo  presence  of  the  hea 
ed  liquid.  A  pretty  experiment  of  Mr,  Faraday's  is  1 
place  a  number  of  email  fragments  of  ice  in  a  disix  of  wab 
deep  enough  to  lloat  them.  When  one  piece  tonclies  it 
other,  if  only  at  a  single  point,  regclation  instantly  seta  i 
Thus  a  train  of  pieces  may  be  caused  to  touch  each  otliti 
and,  after  they  have  once  eo  touched,  you  may  take  ll 
terminal  picco  of  tho  train,  and,  by  means  of  it,  draw  I 
the  otlicrs  niter  it.  When  we  seek  to  bend  two  pioo 
thus  united  at  tbeir  point  of  junction,  the  frozen  poin 
suddenly  separate  by  fracture,  bat  at  the  same  momei 
other  points  come  into  contact,  and  regelation  sets  in  b 
tween  them,  Tlius  a  wheel  of  ice  might  be  caused  to  W 
on  an  icy  surface,  the  contacts  being  incessantly  roptare 
with  a  crackling  noise,  and  others  as  qtdckly  established  { 
regelation.  In  virtue  of  this  property  of  regelation,  ice 
able  to  rcprodnce  many  of  the  phenomena  which  are  ua 
ally  ascribed  to  viscous  bodies.* 

Here,  for  example,  is  a  strdght  bar  of  ice :  I  can  i 
passing  it  successively  through  a  series  of  moulds,  eat 
more  cun-ed  th.in  the  last,  finally  turn  it  out  ns  a  semi-rin. 
The  straight  bar  in  being  squeezed  into  the  curve<l  mon 
breaks,  but  by  continuing  the  pres^suro  new  surfaces  MM 
into  contact,  and  the  continuity  of  the  m.iss  is  restored, 
take  a  handful  of  those  small  ice  fragments  and  squcs 

*  Sec  note  on  the  RcgelBllcm  of  Soqw  Gnmulea  in  tiie  AppmiUs  ta  I 
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Uiem  together,  tbey  fVecze  at  iticir  points  of  contact  nnd 
now  the  mans  is  one  aggrcgale.  TLo  making  of  a  biiow- 
btUl,  as  remarked  by  Mr.  FaraiLiy,  Uluslratcs  iTiu  eanic  piin- 
Id  order  thai  tliis  freezing  sliall  lake  place,  liio  buow 
;ht  to  Iw  al  I!2°  and  moist.  When  below  32"  and  drj-, 
btting  squeezed  it  behaves  like  salt.  The  crossing  of 
in  the  upper  regions  of  the  Swisfl  glaciers  ia 
ired  possible  solely  by  the  regelation  of  the 
The  climljtr  treads  the  mass  carefully, 
(9  its  grannies  to  regelate :  he  thna  obtains  an 
amount  of  ligidity  which,  without  the  act  of  regelation, 
woald  be  quite  unattainable.  To  those  unaccustomed  to 
BHch  work,  the  croaeiog  of  snow  btidges,  spaiioiiig,  as  they 
oflen  do,  Heeurea  100  I'eet  and  more  in  depth,  must  appear 
quite  appalling. 

If  I  still  further  Bqucezc  this  niass  of  ice  fragments,  I 
ig  tbem  into  &till  cloEcr  proximity.    My  hand,  however, 
incompetent  to  squeeze  them  very  closely  together.    I 
them  in  this  boxwood  mould,  which  ia  a  shallow  cyl- 
inder, and  phicing  a  flat  piece  of  boxwood  overhead,  I  in- 
trodoce  both  between  the  plates  of  a  small  hydraulic  prctis, 
squeeze  the  niase  forcibly  into  the  mould.    I   now 
ieve  tlie  pressure  and  turn  the  substance  out  before  you  : 
U  converted  into  a  coherent  cake  of  ice.    I  place  it  in 
lb  lenticular  cavity  and  again  squeeze  it.    It  is  cnishcd 
by  the  pressure,  of  course,  but  new  contacts  estabhsh 
tfieinselves,  and  there  you  have  the  mass  a  lens  of  ice.    I 
now  transfer  my  lens  to  this  hemispherical  cavity,  □  (fig, 
and  bring  down  upon  it  a  hemispherical  protuberance, 
i»  not  quite  able  to  fill  the  canty.    I  squeeze  the 
tlia  ice,  wliich  a  moment  ago  was  a  lens,  is  now 
into  the  »pace  between  Iho  two  spherioal  sur- 
remove  tlie  protuberance,  and  here  I  have  the  iii- 
:iaoo  of  a  cup  of  glassy  ice.    By  care  I  release  it 
puld,  and  there  it  ia,  a  licmiephcrical  cup,  wMcb 


inde 
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I  oaa  fill  with  cold  sLGn-y,  without  tho  escape  of  a  j 
I  seiTipe  with  a  cbi^'l  a  quantity  of  ice  from  this  block,  a: 


placing  the  spongy  mass  within  this  B])Iicrical  canity, c  (i 
58),  I  squeeze  it  and  add  to  it,  till  finally  I  can  bring  doi 
another  epbcrical  cavity,  d,  upon  it,  enclosing  it  as  a  gpht 
between  both.    As  I  work  the  press  the  mass  bcqom 
more   and   more   compacted.     I  add   more  material, 
again  squeeze ;  by  every  such  act  the  mass  is  made  hard< 
and  there  you  have  a  snow-ball  before  yoii  such  as 
never  saw  before.    It  is  a  sphere  of  hard  translucent 
B.    Thus,  you  see,  broken  ice  can  bo  compacted  togel 


by  pressure,  and  in  virtue  of  tho  property  of  rogelati« 
which  contents  its  touching  surfaces,  the  substance  may 
made  to  lake  any  shape  we  please.  Were  the  expeiinu 
worth  the  trouble,  I  feci  satisfied  that  I  coidd  form  a  n 
of  ice  from  this  block,  and  afterwards  coil  tho  ropo  inti 
knot.  Nothing  of  course  can  bo  easier  tlian  to  prodt 
istntnettes  of  the  substance  from  suitable  moulds. 

It  is  easy  to  understand  how  a  snbst.'uiec  so  endon 
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o  squeezed  through  the  gorges  of  the  Alps— can  bend 
s  to  accommodate  itself  to  the  flcrures  of  tbo  Alpine 
leys,  and  can  permit  of  a  differential  motion  of  its  parts, 
wiilioul  at  the  same  lime  possossing  a  sensible  trace  of  vis- 
co«ty.    The  hypothesis  of  iiiscosiiy,  first  started  by  Ren- 
du, wid  worked  out  with  such  ability  by  Prof.  Forbes,  ac- 
cortainty,  for  half   the   facte.    Where    prcasuie 
oes  into  play,  the  deportment  of  ice  is  apparently  that 
ftTiscoos  body ;  where  tension  comes  into  play,  the  anal- 
i  a  viscous  body  ceases. 

e  thus  briefly  sketched  tho  phenomena  of  existing 
as  far  as  they  are  related  to  our  present  subject ; 
le  scientific  explorer  of  moimtain  regions  soon  meets 
Ih  i^pearoDces  which  carry  Ids  mind  back  to  a  state  of 
S  very  different  from  that  which  now  obtains.  The 
tBlakable  traces  wliiuh  they  have  left  bchmd  them  show 
I  glaciers  once  existed  in  places,  from  which  they 
r  agea  disappeared.  Go,  for  example,  to  the  gla- 
if  the  Aar  in  the  Bemcao  Alps  and  obseno  its  present 
bfomumces;  look  to  the  rocks  upon  its  flanks  as  they  are 
I  moment,  rounded,  polialicd,  and  scarred  by  the 
J  ice.  And  having  by  patient  and  varied  exerdae 
■ted  your  eye  and  judgment  in  these  matters,  walk 
n  tii»  glacier  towards  its  end,  keeping  always  in  view 
rJrknocs  of  tho  glacier's  action.  Aller  quittmg  tho 
I  coDtinue  yonr  walk  down  tho  valley  towards  tlio  Grim- 
:  you  SCO  evcry*here  the  same  unmistakable  record. 
I  rocks  wirioh  rise  iVom  tho  bed  of  the  vaDey  aie  ronnd- 
j  hoga'  backs ;  these  are  the  '  roches  moutonnes '  of 
mticr  and  Agassiz ;  you  observe  upon  them  the  larger 
s  of  tho  ice,  and  also  the  smaller  scars  scratched  by 
!s,  which  the  glacier  held  as  emery  on  its  under  eur- 
All  the  rocks  of  the  Grimsel  liave  been  thus  planed 
Walk  down  the  valley  of  Hash  and  examine  the 
mtaia  sides  right  and  Icfl;*  without  the  key  which  I 
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now  mppOBo  yon  to  possess,  yoa  wotild  be  in  a  bad  i 
enigmas ;  but  with  this  key  all  is  plain,  you  sec  everyirbe 
the  well-known  bcotb  and  flutiugs  and  furronings.  In  tJ 
bottom  of  the  vaUey  you  have  the  rocks  filed  down  ia  bod 
places  to  domensliapett  maseea,  and,  in  others,  polished  I 
smooth  that  to  pass  over  them,  eTCn  when  the  inclinaUoa 
moderate,  steps  must  be  hewn.  All  the  way  dowo  1 
Meyringcn  and  beyond  it,  if  you  wish  to  purane  the  e 
quiry,  tUc^  evidences  abotuid.  For  a  preluuiuary  lesson  i 
the  recogDition  of  the  traces  of  aneicnt  glaciers  no  bett< 
ground  can  be  chosen  than  tliis. 

Similar  evidences  are  found  in  the  valley  of  tlic  Rhow 
you  nuiy  track  them  through  tlio  valley  for  eighty  milfl 
and  lose  them  at  length  in  the  luke  of  Geneva.  But  on  t] 
flanks  of  the  Jura,  at  the  oppobite  side  of  die  Canton  i 
Vaud,  the  cvidencoB  reappear.  All  along  these  limestot 
slopes  you  have  strewn  the  granite  boulders  of  Mont  Blan 
Bight  and  left  ahio  from  the  great  Rhone  valley  the  hiter 
vallej-a  show  that  they  were  once  held  by  ice.  On  tl 
Italian  side  of  the  Alps  the  rcm^s  arc,  if  possible,  mta 
stupendous  than  on  the  northern  side.  Grand  as  are  tl 
present  glaciers  to  those  who  explore  them  in  all  thai 
lengths,  they  are  mere  pigmies  in  comparison  with  tho 
predecessors. 

Not  in  Switzerland  alone — not  alone  in  proximity  wil 
existing  glaciers — are  these  weU-known  vestiges  of  tlie  SI 
cicnt  ice  discemihlc ;  in  the  hills  of  Cumberland  tliey  at 
almost  as  clear  as  in  the  Alps.  Where  the  hare  rock  hi 
been  exposed  for  ages  to  the  action  of  tho  weatlier,  tl 
finer  marks  have  in  most  cases  disappeared ;  and  the  man 
uilllatcd  forms  of  tho  rocks  are  the  only  evidences.  B^ 
the  removal  of  the  soil  which  has  protected  them,  oft^ 
disdoscH  rock  surfaces  whicii  are  scarred  as  sharply,  aoi 
polished  as  cleanly  as  those  which  arc  now  being  ecraloliO 
and  polished  by  the  glaciers  of  the  Alps.    Hound  aboV 
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-lawfell  the  traces  of  the  oDcicDt  ico  appear,  both  in 
■ftM  moiitonni*  nnd  bhcs  perchis ;  and  there  are  ample 
icts  to  show  that  Borroilale  was  odco  occupied  by  glaciei' 
".  In  North  AValea,  also,  the  ancient  glaciers  have  placed 
iiir  gtnnip  eo  firmly  upon  the  rocks,  that  tho  ages  which 
-ive  sincu  elapsed  have  failed  to  obliterate  even  their 
ipcrlicial  marks.  All  round  Snowdon  these  evidences 
^mnd.  On  the  south-west  coast  of  Ireland  also  rise  the 
i.i^'fksof  KfagiUicuddy,  which  tilt  upwards,  andcatcli-upon 
ii'ir  cold  crests  the  moist  winds  of  the  Atlantic ;  precipi- 
■  ;ion  is  copious,  and  rain  at  Killarney  aeeins  tlie  rule  of 
'■  nmre.  In  this  moist  region  every  crag  is  covered  with 
::fii  vegetation;  but  the  vaiJOura  which  now  descend  as 
i:!;M  and  fertiliaing  rain,  once  fell  as  snow,  which  formed 
iii^  material  for  noble  glaciers,  The  Black  Valley  was 
onoe  filled  by  ice,  which  planed  down  the  sides  of  the  Pur- 
ple Moiiiitnin,  as  it  moved  towards  the  Upper  Lake.  Tho 
ground  occnpicd  by  this  hike  was  entuely  held  by  the  an- 
dcnt  ice,  and  «very  island  that  now  emerges  from  its  enr- 
face  ifl  a  glacier-dome.  The  fantastic  names  which  many 
of  the  rocks  have  received  are  suggested  by  the  shapes  into 
I  they  have  been  sculjilured  by  the  mighty  moulding 
a  which  once  passed  over  ihem.  North  America  is  also 
I  glacialod.  But  tho  most  notable  obson-ation  in  con- 
Q  nith  this  subject  is  one  reconlly  made  by  Dr,  Hooker 
[  a  visit  to  Syria :  ho  has  found  that  the  celebrated 
«  of  Lebanon  grow  upon  ancient  glacier  moraines. 

0  determine  the  condition  which  pennitted  of  tho  for- 
D  of  those  vast  masses  of  ice  has  long  been  a  problem 

ihiloBOphers,  and  a  consideration  of  the  solutions 

1  have  been  offered  from  time  to  time  will  not  bt-  im- 
!.  I  have  no  new  hyjiolhesta,  bnt  it  seems  poe- 
ive  a  truer  direction  and  more  definite  aim  to  our 

The  aim  of  all  the  writers  on  this  subject,  with 
1  1  am  acquainted,  ban  been  directed  to  the  attain- 
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mcnt  of  cold,    Some  omincnt  mon  have  tboughl,  and  & 
etiU  think,  that  the  roductiou  of  temperature  during  i 
glacier  epoch  was  due  to  a  temporary  diminution  of  8 
radiatiou ;  otiicrs  have  thought  that,  in  its  motion  t 
Bpace,  oor  eystem  may  havo  traversed  regions  of  low  tn 
pcratnro^  and  that  during  its  passage  through  theee  n 
the  ancient  glaciers  were  produced.    Otliers,  with  § 
correctneSB,  iiave  sought  to  lower  the  temperature  by  a 
distribution  of  laud  and  water.    If  I  understand  Uie  v 
ings  of  the  eminent  men  wlio  Iiave  propounded  and  advo- 
cated the  above  hypotheses,  many  of  them  seem  to  have 
overlooked  tho  fact,  that  the  enormous  extension  of  glar 
ciera  in  bygone  agee,  demonstrates,  jufit  as  rigidly,  tiwj 
operation  of  heat  as  the  action  of  cold.  M 

Cold  will  not  produce  glaciers.    You  may  have  the  tit^ 
terest  north-east  winds  here  in  London  throughout  the 
winter  without  a  single  flake  of  enow.    Cold  miLst  have  the 
fitting  object  to  operate  upon,  and  this  object — the  aqacoua 
vapour  of  the  air — is  the  direct  product  of  heat.     Let  a 
put  this  glacier  question  in  another  form :  the  latent  hei 
of  aqueous  vapour,  at  the  temperature  of  its  production  I 
the  tropica,  is  about  1,000°  Fahr.,  for  the  latent  heat  gro 
larger  as  the  temperature  of  evaporation  descends. 
pound  of  water  then  vaporised  at  the  equator,  lias  absorbi 
1,000  times  tlie  quantity  of  heat  which  would  raise  a  pond 
of  tho  liquid  one  degree  in  temperature.     But  thu  q 
of  heat  which  would  r.-dse  a  pound  of  water  onA 
would  raise  a  pound  of  cnst-iron  ten  degrees :  hence, 
to  convert  a  pound  of  the  water  of  the  equatorial  « 
into  vapour,  would  require  a  quantity  of  heat  sufficient  to  i^ 
part  to  a  pound  of  uastriron  10,000  degrees  of  temperfttia 
Rut  the  fu^g  point  of  east-iron  is  2,000  Fahr. ;  thercfoH 
for  every  pound  of  vapour  jiroduced,  a  quantity  of  heat  b 
been  cx]iendeil  by  the  sim  siiflieieut  to  raise  5  lbs.  of  0 
iron  to  its  melting  point.    Imagine,  theu,  every  ono  i 
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Ihoee  uiciGQt  glaciers  with  its  mass  of  ice  quiutapled ;  ami 
let  the  place  of  the  mass,  bo  angmented,  be  taktn  hy  .111 
ctpaX  masfl  of  cnat-iron  raised  to  the  while  hoat  of  fusion, 
■ad  wc  h»Tf  the  exact  eSpression  of  ihe  solstr  action  in- 
Totrcd  in  the  produc^on  of  the  andcnt  glaciers.  SutiKti- 
tofat  tbu  hot  iron  for  the  cold  ice — our  speculations  would 
httmtljr  be  directed  to  account  for  the  high  temperature 
«f  tbc  glacial  epodi,  and  a  coniiilete  reversal  of  some  of 
iLc  bfpothcscs  above  quoted  would  probably  ensue. 

It  is  perfectly  manifest  that  by  weakening  the  eun'a  ac- 
■ioa,  cither  through  a  defect  of  emiasion,  or  by  the  Eteep- 
J15  of  the  entire  solar  Byatem  in  apace  of  a  low  tempera- 
lure,  wu  ehould  be  cutting  off  the  glaciers  at  their  aouroc. 
Vaat  masses  of  mountain  ice  indicate,  infallibly,  conuncn- 
iarate  maESC9  of  atmoEpheric  vapour,  and  a  proportionately 
cast  action  on  the  part  of  the  sun.  In  a  distilling  appara- 
titft,  if  j-on  required  to  augment  the  quantity  distilled,  you 
ivoold  not  sartly  attempt  to  obtain  the  low  temperature 
I ccwary  to  distillation,  by  taking  the  fire  from  under  youi' 
i  'pilcr  ;  bat  this,  if  I  undcrBtand  them  aright,  is  what  has 
a  done  by  those  philosophers  who  have  eouj-lit  to  pro- 
e  the  asdent  glaciers  by  diminishing  the  aim's  heat.  It 
dto  manifest  that  the  thing  moat  needed  to  produce  the 
iere  ia  an  improved  condenser ;  we  cannot  aflbrd  to  loao 
II  of  Bolar  action ;  we  need,  if  anything,  more  vajjour, 
\  *o  need  a  condonaer  so  powerful  that  this  vapour,  Jn- 
\  of  falling  in  liquid  showers  to  the  earth,  sliall  be  so 
frednced  in  t«npcrature  bjs  to  descend  in  snow.  Tfic 
1,  T  think,  is  thus  narrowed  to  the  precise  issue  on 
h  its  solution  depends. 

NOTE 

In  BiouJitiug  bo,  i(  ia  tdtiublc  to  Gnt  wci  the  monlil  willi  hot  water. 
mil  fkdliuitc!!  the  remoTil  of  tbe  compreseed  Bubaluior.  Tli?  lixM/op, 
^ikRnl  to  hi  g  %Si,  mi;  be  &aiii  21  to  S  inthe*  in  )ixt«niiil  dlanieter,  but 
CM  of  the  mp  oagil  not  to  pxeaeil  n  (luwtor  of  iin  incU.  A 
f  U  liucrtcci  bio  mj  own  toouliln,  tha  tai'plns  of  vhK^i  wron 
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I  series  of  observations  made  npon  tlie  UeM 
Gkcc  of  Charaouui  daring  the  months  of  July  and  August  h 
year,  formed  the  baaa  of  this  discourse. 

The  law  first  establialied  by  [M.  Agosisiz  and]  Vrot  J,  '. 
Pijrbcs,  that  tlio  central  portions  of  a  glacier  moved  fitster  t 
the  sides,  waB  amply  illustrated  by  the  deportment  of  lines  o 
stakes  placed  across  the  Mcr-de^lace  at  several  places,  and  ocrow 
the  tributaries  of  the  glacier.  The  portioDs  of  the  Mur-de-Oloco 
derived  fifom  these  tributaries  were  easily  traceable  througliodt 
itia  glacier  by  means  of  the  nioniiiia.  Thus,  for  example,  that 
portion  of  the  trunk  stream  derived  from  the  Gladcr  du  Qfuit, 
might  be  distinguished,  in  n  moment,  from  the  portion  daivod 
from  the  otlicr  tributaries,  by  the  absence  of  the  dCbris  of  the 
moraines  upon  the  surface  of  the  former.  The  commencement  of 
the  dirt  formed  a  distinct  junction  between  both  poitions.  Attri- 
tion has  been  drawn  by  Prof,  Forbes  to  the  fact,  that  tlie  easleni 
side  of  the  glacier  in  particular  is  'esccsavely  crevassed;'  and  hi- 
accounts  for  thifl  crevassing  by  supposung  that  the  Qlacicr  i!u 
Gdont  moves  most  swiftly,  and  in  its  efibrtB  to  drag  its  more  slug- 
gish companions  along  with  it,  tears  them  asunder,  and  thus  pro- 
duces the  flssuros  and  dislocations  for  which  the  eastern  ride  ui' 
the  ghicier  is  remarkable.  The  speaker  said  that  too  much  vfciglit 
must  not  lie  attached  to  -tliis  explanation.  It  was  one  of  thoir-- 
suggestions  which  are  perpetually  thrown  out  by  men  of  sdeucc 
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.ring  the  otusc  of  an  iavestigalion,  and  the  fiilflUnient  or  non- 
.  jiiluiciit  of  which  c&iuot  matcriBlly  affijct  the  mcTita  i>f  tho  in- 
.  tigator.  Indeed,  the  merits  of  Forbes  mast  be  judged  ou  for 
r  .Jider  grounds ;  and  the  mora  his  labours  arc  eompiired  with 
'  'IU9C  uf  other  observers,  the  more  promioeiitl;  does  his  cdmpara- 
■!Vfi  tolcllectnal  magnitude  come  forward.  The  speaker  would 
i'jioontetit  himself  with  Baying  that  the  bookof  Frof.  Forbes  was 
ip  bert  book  which  had  been  written  npon  the  anbject.  The 
'  luliliee  of  miud,  and  the  physical  culture  invested  in  that  excei- 
•  iiT  work,  were  such  as  to  make  it,  in  the  estimation  of  the  pbys- 
ii^l  investigator  at  least,  ontweigh  all  other  books  npon  the  sub- 
'.  rl  taken  together.*  While  thus  acknowledging  its  merits,  let  a 
'iL'  and  fhink  comparison  of  its  statements  with  facts  be  insti- 
'  -lod.  To  test  nrhcther  the  Olacici  du  66ant  morcd  qnickerthon 
111  fdlow*,  five  different  lines  were  set  out  ocrosa  the  Mer-de- 
'--':.>K.  in  the  vicinity  of  the  Monlcnvcrt,  and  in  each  of  these  it 
'  i-  footid  that  the  point  of  swiftest  motion  did  cot  Ue  upon  the 
il-i?i(Tdn  Oeant  at  all;  but  was  displaced  ao  as  to  bring  it  com- 
.  Lraiivcly  close  to  the  eastern  side  of  the  glacier.  These  measure* 
-••na  pmxt  that  the  statement  referred  to  is  untenable ;  but  the 
.  i.ttion  of  tlie  point  of  swiftest  motion  from  the  centre  of  tho 
l.ioicr  will  doubtlesshorcgardedby  Prof,  Forbeaasof  far  grent- 
■;  imporlancc  to  his  theory.  At  the  place  where  these  measiire- 
B  mode,  the  glacier  tarns  its  convex  curvature  to  the 
n  «Sde  of  the  valley,  being  concave  towards  the  Montenvert. 
» tAko  a  bolder  analogy  than  even  that  suggested  in  the  cx- 
D  of  Forbes,  where  be  compares  tho  Glacier  du  Oeant  to  a 
r  ud  swiftly-flowing  river.  Let  ns  enquire  how  a  river 
I  behave  in  sweeping  round  a  curve  similar  to  that  hero 
The  point  of  swiflcat  motion  would  undoubtedly  Uo  on 

«  the  above  was  written,  my  'Glaciers  of  Ihe  Alps'  has  been 

I,  and,  aoon  nftrr  lis  Rppeanmci;,  a  'Iteply' to  those  portions  of  tho 

KnUeb  refbrreJ  to  Uie  labours  of  M.  R^itilu  «aa  cxten^vol;  circulated 

il  ForbeB.    Kor  more  llian  tno  years  I  havo  nljatniiiecl  li'otq 

gmy  dirtlngnlahnloensor;  colfroniinallililjlodowi,  lint  lieraaap 

t,  and  tlunk,  that,  witliin  tho  liinita  of  tlie  cum,  it  is  hotter  to  aub- 

n  t«  omka  sciimco  tlio  arena  of  n  pnielj  pcnonal 
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that  Bide  of  the  centre  of  the  strenm  toworcU  which  it  tiiins  ita 
convex  cnrratiin.'.    Can  this  be  tiie  caae  with  the  ice  1    If  so,  then 
Me  ought  to  Luye  a  aliifting  of  iLc  point  of  inaximam  motion 
towards  the  ■western  ride  of  the  valley,  when  the  cun-Hture  of  the 
glacier  bo  changes  ns  to  turn  ita  conve<city  to  the  ncstem  iide. 
Such  a  change  of  flexure  occurs  oppoEit«  the  paSEagca  culled  Lei 
Fimti,  and  at  Ihis  place  the  view  just  enunciated  was  tested.    It 
was  soon  asccrtnined  that  the  point  of  Hwifleat  motion  here  lay  at 
a  different  side  of  the  axis  from  that  ubseiTed  lower  down.     But 
to  confer  strict  numerical  accuracy  upon  the  result,  stakes  ii 
fised  at  certain  diatnnceB  from  the  western  aide  of  the  gl&cier, 
others  at  equal  di»taaa»  from  the  eastern  side.    The  TclociUa 
these  stakes  were  compared  with  each  other,  two  Yij  two ;  »  ol 
on  the  western  eidc  being  always  compared  with  a  secowl  I 
which  stood  at  the  same  distance  from  the  eastern  ^de.    Tbq 
suits  of  this  measurement  are  given  in  the  following  tolile, 
numbers  depoting  inches : — 

111  pair  Indjialr  Ird  pair  (Hi  ]i3lr  nlh  i>Klr 

West  ni      West  22}     West  SS(     Weal  S3( 


Wcfll  11 
East  12) 


It  is  here  seen  that  in  each  case  tlie  western  stake  moTcd  n 
rapidly  than  its  eastern  fellow  stake;  thus  proving,  bejoa 
doubt,  that  opposite  the  Fonts  the  weslem  side  of  the  Heiv 
Glare  moves  quickest — a  result  precisely  the  reverse  of  that 
served  where  the  curvature  of  the  valley  was  diflerent 

Btit  another  teat  of  the  explanation  is  poseible.  BotWMn 
Fonts  and  the  promontory  of  Trilaporte,  the  glader  pia 
point  of  contrary  flexure,  ita  convex  curvature  oppoato  to  Tr 
porte  bdng  turned  towards  the  base  of  the  Aiguille  du  Ua 
which  stands  on  the  eastern  sido  of  the  valley.  A  scriee  of  sU 
waa  placed  acrosa  the  glacier  here ;  and  the  velocities  of  tl 
placed  at  certmn  distances  from  the  western  dde  were  compa 
as  before,  with  those  of  stakca  placed  at  the  same  distances  ( 
the  eastern  side.  The  following  table  shows  the  result  of  ti 
mcasureuents :  the  numbers,  as  before,  denote  inches : — 
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Here  we  find  that  in  each  case  tbe  tmtcrn  stake  moved  iaster 

lliaii  its  fellnw.    The  point  of  maximuni  motion  bas  therefore 

wu»  more  crossed  the  axis  of  the  glacier,  being  now  upon  its  east- 
■bride. 

^^ft'Sotermining  the  points  of  maximum  motion  for  a  great  nnin- 
^^ft  of  tiansvetse  BectioDE  of  the  Her-de-Olace,  and  uniting  these 

jxunts,  wc  have  the  hcut  of  the  curve  described  hy  the  point  re- 

forretl  lo.    Fig.  59  represents  a  sketch  of  the  Mer-dc-Glace.    The 

ilntted  line  Lt  drawn  along  the  centre  of  the  gla- 

tier ;  the  delmod  linc^  which  crosses  the  a^  of 

tlio  glacier  at  the  points  a  a,  is  then  the  locus  of 

the  point  of  swiftest  motion.    It  ia  a  curve  more 

deeply  sinuous  than  the  valley  itself,  and  crosEca 

tbe  central  line  of  the  vnlley  at  each  point  of 

ountrary  flexure.    Tbe  speaker  drew  attention  to 

the  fact  that  the  position  of  towns  upon  the 

banks  of  rivers  is  usually  on  the  convex  side  of 

the  stream,  where  the  rash  of  the  water  renders 

silting-up  impossible :  the  Thames  was  a  case  in 

point ;  and  the  same  law  which  regulated  iis 

flow  and  determined  the  position  of  the  adjacent 

towns,  is  at  this  moment  operating,  with  silent 

energy,  among  the  Alpine  glaciers. 

Another  peculiarity  of  glacier  motion  is  now 

to  be  noticed. 

Before  any  obeerv&tiona  had  been  made  upon 

the  subject,  it  was  surmised  by  Prof  Forbes  that 

the  portions  of  a  glacier  near  its  bed  were  retarded  by  friction 

agiuost  tho  latter.    This  view  was  afterwards  eonflnued  by  his 

own  observations,  and  by  those  of  M.  Martins.    Nevertheless  the 

ilatp  of  our  knowledge  upon  the  subject,  rendered  further  con- 

fimmtion  of  the  fact,  highly  desirable.    A  rare  opportunity  for 

testing  the  question  was  famished  by  an  almost  vertical  precipice 

of  ice,  constituting  the  ride  of  the  Glacier  de  GOant,  which  was 

I  near  tho  Tacnl.    The  precipice  was  about  140  feet  in 
At  the  top  and  near  the  bottom  stakes  were  fixed,  and 

f  Iwwlng  steps  in  the  ice,  the  speaker  succeeded  in  fixing  a 
« in  Uu  face  of  the  precipice,  at  a  point  about  40  feet  above 

Ihebam.    After  the  lapseof  a  sufficient  number  of  days,  the  prog- 
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Top  =lnko 

.  C-00  inches 

UiUJIe  maka     . 

■  <'=9    1. 

Bollom  sUkc    . 

.  2-50    „ 

"We  thua  see  that  the  top  stake  moyed  with  more  than  twi 
the  Tclodt;  of  ths  bottom  uno ;  while  the  Telocity  of  the  nudJf 
stake  lies  between  the  two.    But  it  nlso  appears  that  the  a 
tatinn  of  velocity  i]pwar<la  is  not  proportional  to  the  cl 
from  the  bottom,  but  increaees  in  a  quicker  ratio.    At  a  hrigd 
of  100  foot  &om  the  bottom,  tlio  velocity  would  undoubtedly  tf 
practicnily  tlic  same  as  at  the  surfaoo.    Measurements  inode  up( 
an  wljaeent  ice-cliff  proved  thi«.    Wo  thus  see  the  perfect  Talidioj 
or  the  reason  assigned  by  Forbes  for  the  contiDUod  verticality  a 
the  walls  of  transTcrso  crevasses.    Indeed  a  comparison  of  the  al 
salt  nith  his  anticipations  and  reasonings  will  prove  alilce  t' 
ssgai^ity  and  their  truth. 

The  most  commanding  view  of  the  Sler-de-Olace  and  its  tri^ 
utariea  is  obtained  from  a  point  above  the  remarkable  cleft  it 
mountain  range  underneath  the  Aiguille  do  Channoz,  whidi  4 
sure  to  attract  the  attention  of  on  observer  standing  at  the  Kof 
cnvert.    This  point,  which  is  marked  O  on  the  map  of  Forbc 
the  speaker  succeeded  in  attaining.  A  Tubingen  professor  once  vl 
itcd  the  glaciers  of  Switzerland,  and  seeing  these  apparently  rigi 
masses  onclose<i  in  usnnus  volleys,  went  home  and  wrote  ah 
flatly  denying  the  possibility  of  their  motion.  An  inspection 
the  point  now  referred  to  would  have  doubtless  confirmed  him  fl 
his  opinion;  and- indeed  nothing  can  be  more  calculated  to  ii 
press  the  mind  with  the  magnitudo  of  the  fcrces  brought  ii 
piny  than  tlie  squeezing  of  the  three  tributaries  of  the  1" 
Glace  through  the  neck  of  the  valley  at  Trelaporte.    But  let  ^ 
state  numerical  results.    Previous  to  its  junction  with  ils  bDoi~ 
the  Glacier  du  O^ant  mcaeures  1,184  yards  across.    Before  iti 
influenced  by  the  thnitit  of  the  Taltfre,  the  Glacier  de  I 
had  a  width  of  823  yards ;  while  the  width  of  the  TalMVe  b 
across  the  base  of  the  cascade,  before  it  joins  the  Lf-cluvud,  la  ^ 
proximately  038  yards.    The  sum  of  these  widths  is  3,097  yi 
At  Trt^laporto  those  three  branches  are  forced  through  a  g 


UOnOB   OF   MEE-DE-GLACE. 


217 


893  jsrda  wiOe,  witli  a  central  ydocity  of  20  inches  a  day  I    The 

rtanlt  h  still  mora  salonisLIng,  if  we  confine  our  attcutiun  to  one 

of  the  tributaries — that  oftlic  Lfichand.    Before  its  junction  -with 

Tolufrc,  the  glacier  has  a  width  of  37J  English  chaias.    At 

iporte  this  broad  ice  river  is  sqneezed  to  a.  driblet  of  less 

4  cliaina  in  width — that  is  to  say,  to  about  one-tenth  of  its 

previous  horizontal  tranavcrse  dimensjoa. 

WlipncB  b  the  force  derived  which  drives  the  glader  through 
the  gorj3«  i  The  spenker  believed  that  it  must  be  a  pressure  from 
licUinil.  Other  ilicts  abo  suggest  tiat  the  Glacier  du  Gfatit  ia 
throDgliout  its  length  in  a  state  of  forcible  longitudinal  conipres- 
eioa.  Taking  a  series  of  points  aloDg  the  axie  of  this  glacier — if 
these  poiniA,  during  the  descent  of  the  glacier,  preserved  tlieir 
Bsnniler  pt-rfcctly  constant — tbcic  coulil  be  no  longitu- 
compreasion.  The  mechanical  meaning  of  this  term,  as  ap- 
to  B  substance  capable  of  yielding  like  ice,  must  be  that  the 
Icr  points  are  incessantly  advancing  upon  the  forward  ones. 
leer  was  particularly  anxious  to  teat  this  view,  wtiich  first 
to  liim  from  i  priori  considerationa.  Three  points,  A  B  c, 
therefore  fixril  upon  the  axis  of  the  Glarier  du  Q^ant,  a  be- 
ing tlio  highest  u|>  the  glacier.  Tlio  dib-tancc  betirccn  a  and  n 
wna  54S  yards,  and  that  between  b  and  c  was  487  yards.  The 
daily  rtlocitiea  of  Ihcso  three  points,  determined  by  the  thcodo- 

Iwero  oa  follows : — 
lie  result  coraph'tely  corroborates  the  foregoing  anticipation, 
hiiulor  points  are  ineeswantly  advancing  upou  those  in  front. 
litttt  to  an  extent  sufficient  to  shorten  a  segment  of  this  g1it- 
der,  tn«MUriiig  1,000  yards  in  length,  at  the  rate  of  8  inches  a 
day.  yfiite  this  mio  uniform  at  nil  seasons,  the  shortening  would 
nnouni  to  S40  feet  in  a  year.  When  we  consider  the  compactness 
I  glacier,  and  the  uniformity  in  the  width  of  the  valley 
hit  SlU,  this  mult  cannot  fail  to  excite  suqirise;  and  tlio 
n  of  force  thus  rendi-red  manifest  must,  in  the  speaker's 
1,1)0  mainly  inslromental  in  driving  the  glacier  through  the 
10  granite  vice  at  Trulaporte. 
10 


.  aO'CG  incliDS 


.  12-70 


21S 


APPENDIX  TO   LKCTCKK  n. 


In  Tirtue  of  whnt  quality,  then,  can  ico  be  bent  and  sqaee 
and  cliBDge  its  form  in  the  manner  indicated  in  Ilie  foregoing  d 
BcrratJoiis  ?     The  onjj  theory  worthy  of  serious  considemtloii  i 
the  present  day  ia  that  of  Prot  Forbes,  which  uttribnlea  these 
efifccts  to  the  viscosity  of  the  ice.    The  speaker  did  not  agree  with 
tbia  tlicory ;  as  the  term  viscodty  appeared  to  him  to  he  whoUj 
inupplicuble  as  cxprcsetve  of  the  physical  constitution  of  tho  gifrj 
cier  ice.    He  hod  already  moulded  ice  into  cups,  bent  it  i 
rin^  duuiged  its  form  in  a  variety  of  ways  by  urtifldiil  p 
nud  he  had  uo  doubt  of  his  ability  to  mould  a  compact  mass  i 
Norway  ice  which  atood  upon  the  table  into  a  atatuctto; 
would  viscosity  be  tho  proper  term  to  apply  to  the  process  I 
bruising  and  rcgclatiou  by  which  tbi<!  result  could  be  attained 
lie  thought  not.    A  mass  of  ice  at  3%'  ia  very  easily  crusbod,  b 
it  boa  as  sharp  and  definite  a  fiucturo  as  a  mass  of  glass, 
is  no  Bcnaible  evidence  of  viscosity. 

Tho  very  esaenco  of  viscosity  is  tho  ability  of  yielding  to  ,1 
force  of  tflTwion,  the  texture  of  the  subatonee,  after  yielding,  1 
in  a  state  of  equilibrium,  bo  that  it  bos  no  strain  to  r 
and  the  substances  choaen  by  Prot  Forbes,  as  iHustrative  of  f] 
physical  couditionof  a  glacier,  possess  this  power  of  bcdng  dra^ 
out  in  a  very  eminent  degree.    But  it  has  been  urged,  and  jtu 
urged,  that  we  ought  not  to  coucludo  that  viscoMty  is  absent  6 
cause  hand  specimens  do  not  show  it,  any  more  than  we  oaf 
conclude  that  ice  is  not  blue  because  small  fragments  of  tin 
stance  do  not  exhibit  this  colour.    To  test  the  question  of  1 
ily,  then,  we  must  appeal  to  tho  glacier  itself    Let  us  t 
First,  an  analogy  between  tho  motion  of  a  glacier  through  a 
ous  valley,  and  of  a  river  ia  a  sinuous  channel,  bos  bcMiu  nlrcai^ 
pointed  out.    But  the  analogy  fidla  in  one  important  particular 
the  rivcT,  jmd  much  more  ao  a  nxasa  of  flowing  treacle,  honey,  ( 
or  melted  caoutchouc,  sweeps  round  its  curves  without  ruptnn 
continuily.    The  viscous  mass  itrdUha,  bnt  the  icy  mass  hvatt,  t 
the  '  eicesMve  crevasang '  pointed  out  bj  Prof,  Forbes  hunsi 
the  consequence.    Secondly,  the  inclinations  of  the  Mor-dfrC 
ami  its  three  tributaries  were  taken,  and  the  associatioo  of  tr 
verse  crevasBca  with  the  changes  of  inclinatjou  was  accnnti 
noted.    Every  Alpine  travelkr  knows  tho  utt«r  dislocation  oi 
eonftiaion  produced  by  the  desriint  of  the  Mer-dc-Glaco  bxm  ti£| 
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am  downwards.  '  A  raroUsr  state  or  things  exists  b  tltc  icc- 

B  of  the  Talf'fre.    Descending  from' the  Jaiilin'gs  the  ico 

;bc4  the  fall,  great  transTerse  chasms  are  formed,  which  ut 

follow  each  other  so  spcediJy  ss  to  reduce  the  ice  maseeu 

1  them  to  mere  plates  and  wedges,  along  wbich  the  ex- 

r  has  to  creep  cuQtiousIj.''  Theso  plates  and  wedges  ore  in 

i  bent  and  cmmpled  by  the  lateral 'pressure,  and  on 

ca  vortical  forces  appeared  to  have  acted,  turning  largo 

idds  DO"  round,  so  as  to  set  their  atractnre  at  right  angles  to 

1  position.'  The  ice  afterwards  descends  the  Cill,  the 

a  cxiKJScd  to  view  b^g  a  bjitoetic  assemblage  of  frozen 

I,  pinnacles,  and  towers,  some  erect,  some  leaning,  fulling 

jund  lifee  thunder,'  and  crashing  the  ieo  crags 

irbich  they  fall  to  powder,  •  The  descent  of  the  ice  through 

p  ontlot  has  been  referred  to  as  a  proof  of  ils  viscosity  ;  but 

R  description  just  given  does  not,  it  was  believed,  harmonise 

X  ideas  of  a  viscotts  substance.  - 

t  the  proof  of  the  non-viscosity  of  the  substance  must  be 

t  at  places  where  the  change  of  inclination  is  very  small. 

y  opposite  1' Angle  there  is  a  change  from  4  to  9  degrees,  and 

a  system  of  transverse  fissures,' which  renders 

r  here  perfectly  impassable. "  Further  up  tho  glader, 

crevasses  are  produced  by  a  change  of  inclination  from 

^i  degntx.  This  change  of  inclination  is  accurately  protracted 

);.  60 ;  the  bend  occurs  at  the  point  n ;  it  is  scarcely  percep- 


ts and  itill  the  glacier  is  unable  to  pass  over  it  without  break- 
Thirdly,  the  crevasses  are  duo  to  a  state  of  stritn, 
b  which  tho  ico  relieves  itself  by  breaking;  tho  rate  at  whith 
f  widen  may  be  token  as  a  measure  of  the  amount  of  relief 
lodod  by  the  ice.  Both  the  suddenness  of  thoir  furmntton, 
a  downesB  with  which  they  widen,  are  demonstrative  of 
Mi-viscosity  of  the  ice.  For  were  the  substance  capable  nf 
g  fivrn  at  the  small  mtc  .-kt  which  they  widen,  there  would 
tfity  for  their  formation. 
r,  tlio  mnrgiBul  crvvosscs  of  a  glacier  arc  known  to  be  a 
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consequence  of  the  HwiTtcr  flow  of  its  central  portions,  whi 
Ilirovs  the  sides  into  a  state  or  strain,  from  which,  the;  n 
tliciiiE«lTes  bj  breaking.    Now  it  is  easy  to  calculate  ttie  an 
of  stretching  demauded  of  the  ice  in  order  to  accoroinodftte  it 
to  the  speedier  central  flow.     Take  the  case  of  a  glacier,  hi 
mile  wide.    A  Btiught  imnsverBe  clement,  or  slice,  of  such  a 
cier,  is  bent  in  twcDtj-four  hours  to  a  curve.    The  ends  of  d 
slice  move  a  little,  but  the  centre  moTes  more  :  let  us  suppose  Q 
versed  aide  of  the  curve  formed  bj  the  slice  in  twenty-four  hail 
to  be  a  foot,  which  is  a  fair  averogc.    naving  the  chord  of  Q 
arch,  and  its  versed  side,  we  con  calculate  its  length.    In  the  a 
of  the  Mer^le-GIace,  which' is  about  balf-a-milo  wide,  the  ai 
of  stretching  demanded  would  be  about  the  eightieth  of  an  ii 
in  twenty-four  boors.    Surely,  if  the  glacier  possessed  a  propc 
which  could  with  any  propriety  bo  called  viscosity,  it  o 
be  able  to  respond  to  this  moderate  demand  ;  but  it  is  not  a 
to  do  so :  instead  of  stretching  as  a  riscoas  body,  in  obcdicn 
to  this  slow  striun,  it  breaks  as  an  eminently  frn^o  one,  aod  n 
ginnl  crevasses  nre  the  consequence.    It  may  Ix:  urged  that  i) 
not  fair  to  distribute  the  strain  over  the  entire  length  a  ~ 
curve :  but  reduce  the  distance  as  we  may,  a  residue  must  n 
wliich  is  demonstrative  of  the  non-visco»ty  of  the  ice. 

To  sum  up,  then,  two  dosses  of  facts  present  themselves  to  tl 
glndcT  investigator — one  class  in  harmony  with  the  idi?a  o 
cosity,  and  another  as  distinctly  opposed  to  it.    Where  p 
comes  into  play  we  have  the  former,  where  tenrion  comes  ii 
we  have  the  latter.    Both  classes  of  facts  arc  reconciled  h 
assumption,  or  rather  the  esperimental  verity,  that  the  fragi 
of  ice  and  iU  power  of  regelation  reader  it  possible  for  i' 
cbaugo  its  form  without  prgudice  to  its  continuity. 


NOTE  ON  THE  rKOELATION  OF  SSOW-OEiXTTLES.* 

I  this  morning  (ilorcli  21, 1602)  noticed  an  cstremdy  ii 
ig  case  of  regelation.    A  layer  of  snow,  between  one  oi 
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■  Aide,  bad  &nen  on  the  glass  roof  of  a  emnll  groen-bouse 
h  B  doof  opi^oed  frinn  the  mansion  to  wUitli  the  grren- 
a  attached.  Air,  slightly  wnrmccl,  acting  on  the  gtusa 
t!  unilcmeatli,  melted  the  snow  in  immediate  contact  with 
ih«  g\»ss.  and  tko  layer  in  consequence  slid  slowly  down  the  glasa 
mot  The  inclination  of  the  roof  wag  very  gentle,  and  the  motion 
MRdpuadiaglj  graduaL  When  tiic  layer  orcrahot  tho  edge  of 
tlw  not,  it  did  not  drop  off,  but  bent  like  a  flexible  body  and 
tanug  down  over  the  edge  for  several  inches.  The  contiuuity  of 
Ibc  Uycr  was  broken  into  reclangulur  spaces  by  the  inclined  !oii> 
"  JM  of  the  roof,  ond  from  local  circuraatances  one  Miio 
H  nof  wna  vurmed  a  little  more  than  the  other :  hence  the 
la  of  the  layer  moved  with  difFcrent  velocities,  and  over. 
Ig  the  edge  to  different  rleptha.  The  bent  and  down-hanging 
bjCTofanow  in  some  cases  actually  curved  up  inwards. 

FandBy  has  shown  that  when  small  fragments  of  ice  float  on 

nUer,  if  two  of  them  touch  each  other,  they  instantly  cement 

tiMoiwivtt  at  the  point  of  contact;  and  on  cjiusing  a  row  of  frog- 

mtati  to  loach,  by  laying  hold  of  the  terminal  piece  of  tlie  row, 

JVD  on  draw  all  the  others  after  it.     A  similar  cementing  must 

hate  token  place  among  the  particles  of  snow  now  in  question, 

wiiieh  were  immersed  in  the  water  of  liqaefnction  near  the  snrfoce 

if  the  glass.  Bnt  Faraday  has  also  shown  that  when  two  frugmenta 

rfico  «« tlins  united,  a  hinge-like  motiou  sets  in  when  you  try  to 

Hpuatv  the  one  from  the  other  by  a  lateral  pnsh :  one  fragment 

migtil,  in  (act,  be  caused  to  roll  round  another,  like  a  wheel,  by 

ihe  bcMJUUtt  rupture,  and  re-establish  men  t  of  regclation. 

^^_Tlu  power  of  motion  thus  espcrimentally  demonstrated,  ren- 

^^^fad  it  an  easy  possibility  for  the  snow  in  question  to  hend  it' 

^^^Ba  the  manner  observed.    The  lowermost  granules,  when  the 

^^^■inrt  of  the  roof  had  been  withdrawn,  rolled  over  each  other 

wiifuint  a  destruction  of  continuity,  and  thus  enabled  the  snow-layer 

• :  liend  B«  if  it  were  viscous.    The  curling  up  was  evidently  due 

'  a  contraction  of  the  inner  surface  of  the  layer,  produced,  no 

ibt,  by  the  accommodation  of  the  granules  to  each  other,  as 

m  slowlr  diminished  in  size. 

'  J.  T. 


I 
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ITIirSK  170  are  now  enfficiently  conversant  with  o 
subject  to  diatinguiah  between  tbe  sensible  motions  j 
ducod  by  bent,  and  beat  itself.     Boat  is  not  tbc  dash  ot^ 
winds ;  it  is  not  tbe  quiver  of  a  fiame,  nor  the  cbullitloi 
of  water,  nor  tbe  rising  of  a  tbermomctrio  coliunn,  nor  ll 
motion  which  animates  sleam  na  it  nisheB  from  a  boiler  ii 
which  it  has  been  compreascd. .  All  these  are  meclionied 
motions  intowliich  the  motion  of  heat  may  be  converted  j: 
but  heat  itself  is  mokeular  motion — it  is  an .  OBciUatiom 
of  ultimate  particles.     But  such  particles,  when  closol^ 
grouped,  cannot  oseiUato  without  communiaiition  of  motioi 
from  one  to  the  other.    To  this  propagation  of  the  moti< 
of  heat,  Ihrough  onlinary  matter,  we  must  this  d.iy  doTOto 
oar  attention. 

Here  is  a  poker,  the  temperature  of  which  I  am 
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f.conaciooB  of:  I  feel  it  as  a  hard  and  heavy  body,  but  il 

sillier  warms  me  nor  chills  inc  ;  it  has  been  before  llie 

!,  and  the  motion  of  its  piirtitles  at  the  present  moment 

mces  to  be  the  same  as  that  which  actuates  my  nerves ; 

3  adtlier  commonication  nor  withdrawal,  and  lience 

)  temperature  of  the  poker  on  the  one  hand,  and  my 

sations  on  the  oUier,  rcouun  unchanged.    But  I  tltrust 

e  end  of  the  poker  into  the  fire ;  it  is  heated ;  the  parti- 

'a  contact  with  the  firo  arc  thrown  into  a  state  of  more 

0  oscillaUon ;  the  swinging  atoms  strike  their  ncigh- 
,  these  again  theirs,  and  thus  the  molecular  music 

;  the  bar.     The  motion,  in  this  instance,  ia  com- 

1  particle  to  particle  of  the  poker,  and  fmally 

jears  at  its  most  disant  end.    tf  I  now  lay  bold  of  the 

Aer,  its  motion  is  communicated  to  my  ucr\'es,  and  pro- 

X&  pain  ;  tbe  bar  is  what  we  call  hot,  and  my  band,  in 

ipidar  language,  ia  burned.     Conrcclion  we  bave  already 

ined  to  be  the  transfer  of  heat,  by  sensible  masses,  from 

0  to  place  ;  but  this  molecular  transfer,  which  consists 

h  atom  taking  up  the  motion  of  its  neigbbonrs,  uud 

ding  it  on  to  others,  b  called  the  conduction  of  beat. 

'  '   tne  exemplify  this  property  of  conduction  in  a 

T  way.    I  have  here  a  basin  fdlcd  with  warm  water, 

1  tlie  water  I  place  tliis  oylindor  of  iron,  an  inch  in 

Fly.  fll. 


meter,  imd  two  inches  in  lieight ;  this  cylinder  is  to  bo 

3  of  beat.    I  lay  my  thermo^jleclric  pile,  o  (fig. 

1^1),  thua  flat,  with  its  naJied  face  turned  upwards  and  on 
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tliat  fae«  I  place  a.  cylinder  of  copper,  c,  vb\cb  now  j 
seasea  the  temperature  of  this  room.  We  obBcrve  no  defll 
tion  ol'  the  galvanomefer.  I  now  place  my  warm  cyYm 
J,  having  first  dried  it,  upon  the  cool  cylinder,  v 
eupported  hy  the  pile.  The  upper  cylinder  is  not  at  i 
tliaii  a  blood  lieal ;  but  you  see  tliat  I  have  scarcely  li 
to  tnake  thia  remark  before  the  needle  flies  aside,  indicatii 
that  the  heat  has  reached  the  face  of  the  pilo.  Thus  I 
molecular  motion  imparted  to  the  iron  cylinder  by  1 
iv.inu  ■water  has  been  communicated  to  the  copper  c 
through  which  it  has  been  tranfituitted,  in  a  few  eocooc 
to  the  face  of  the  pile, 

l>iflerent  boillfs  possess  difibront  powers  of  tro 
ting  molecular  motion ;    in  other  words,  of  cond 
hi'Ut.     Copper,  which  we  have  just  useil,  possessea  t 
power  in  a  very  eminent  degree,     I  will  no' 
copper,  allow  the  needle  to  return  to  0",  and  then  lay  ujh 
the  face  of  the  pile  thia  cylinder  of  glasa.     On  the  cylint 
of  glasa  I  place  my  iron  cylinder,  which  has  been  re-heati 
in  the  warm  water.     There  is,  as  yet,  no  motion  of  t 
needle,  and  you  would  have  to  wait  a  long  tiny  to  si 
move.    We  have  already  waited  thrice  the  time  which  thS^ 
copper  required  to  transmit  the  heat,  and  you  eee  the  needle 
continues  motionless.     I  place  cylinders  of  wood,  chalk, 
stone,  and  fireclay,  in  succession  on  ttie  pile,  and  heat  their  . 
Hjiper  ends  in  the  same  manner ;  but  in  the  time  which  v 
con  devote  to  an  experiment,  not  one  of  these  substances  i 
competout  to  transmit  the  heat  to  the  pile.     The  moleciUoi 
of  these  substances  are  bo  hampered  or  entangled,  tlii 
they  are  incompetent  to  paas  the  motion  freely  from  one  I 
another.    The  bodiea  are  all  bad  conductors  of  heat, 
the  other  hand,  I  place  cylinders  of  zinc,  iron,  lead,  1 
mtith,  Ac,  in  succession  on  the  pile ;  each  of  them, 
see,  has  the  power  of  transmitting  tho  motion  of  hm 
fiwiftly  through  ils  mnas.     In  comparison  with  tho  wooi 
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atone,  chalk,  glass,  and  clay,  they  are  all  good  oondudora 
of  beau 

Aa  a  general  rule,  though  it  is  oot  without  its  exoep- 
tho  mettils  are  the  best  conductors  of  heat.    But  the 
differ  DOtably  among  themselves  as  regards  their 
'urt  of  conduction.    In  illnetration  of  this  I  will  corn- 
fare  copper  and  iron.    Here,  behlud  me,  arc  two  bars,  a  b, 


An 


'!rv'ii"r!i  vS-y^  u  ^ «' 


c  (fl^.  62),  placed  end  to  end,  with  bulls  of  wood  al^ 
d  by  wax  at  equal  distances  from  the  place  of  junction, 
iler  the  junction  I  place  a  apiiit-larap,  which  heats  the 
1  of  the  bars ;  the  heat  will  be  propagated  right  and 
!t  tbrongh  both.  This  bar  is  iron,  this  one  is  oopper ; 
B  beat  will  travel  to  the  greatest  distance  ulong  the  best 
mtdnotor,  liberating  a  greater  number  of  its  balls. 
'  But  for  my  present  purpose  I  want  a  quicker  cspcri- 
Here,  then,  are  two  platos  of  metal,  the  one  of  cop- 
r,  tho  other  of  iron,  which  are  united  together,  so  as  to 
n  9  long  continuous  plate  c  :  (fig.  03).  To  it  a  handle 
K«ttachod,  which  gives  the  whole  instniment  the  shape  of 
From  c  to  the  middle,  the  plalo  is  copper,  from  i  to 
•  nu(ld]«  it  U  iron.  At  c  I  have  eotdered  a  small  bar  of 
innth  to  the  phte  ;  at  i  a  similar  bar;  and  from  both 
(  wir«K,  g  ff,  lead  to  the  galvanometer.  I  warm  the 
cUon  I  by  placing  my  finger  on  it ;  an  oleotrio  ciir^ 
Bt  is  therv' generated,  and  you  observe  the  deflection. 
•-  rwi  en<I  of  tho  needle  moves  towards  you.  I  with- 
V  my  finger,  and  the  needle  sinks  to  0°.  I  now  warm, 
^m  the  eamo  manner,  the  junction  c ;  the  needle  is  deflected, 
10* 
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but  in  the  opposite  direction.    If  I  place  a  fingcf  on  e 
cod,  at  the  eume  time,  these  currents  neatrulise  each  c 

and  wc  have  uo  dtiitrtiun.     I  now  place  .a  epirit-lamp,  i 


a  very  email  flame,  directly  under  the  middle  of  iho  ( 
pound  plate  ;  the  heat  will  propagate  itself  from  tlio  c 
tre  towitrds  the  two  ends,  pasGing  on  one  wdo  1 
cojiper,  and  on  the  other  through  iron.  If  the  hent  rcacti 
both  ends  at  the. same  inetant,  the  one  end  ^rill  nentrulizo 
tlio  other,  and  the  needle  will  rest  qnioscent.  But  if  one 
end  be  reached  sooner  tbiui  the  other,  we  shall  obtain  a 
deflection,  and  the  direction  in  wliich  the  needle  moves  will 
declare  wbich'end  is  heated.  Now  for  the  csperiment:  I 
place  the  lamp  underneath,  and  in  three  seconds'  tlic  needle 
flies 'ofilde.  :  Tlie  red  end  moves  towards  me,  which  proves 
tliat  the  end  c  is  heatad ;  the  niulecnlar  motion  baa  propa- 
gated itself  most  Hwiftly  tliroTigh  die  copper.  I  allow  the 
liunp  to  remtun  until  each  metal  hm  Xnken  »p  as  much  heat 
ns  it  can  appropriate,  imtil  llie  ends  of.  the  plates  becouio 
Btatiohary  in  temperature ;  tlmt  is  to  say,  until  the  i|uan- 
tity  of  heat  which  they  receive  from  the  lump  is  exactly 
equal  to  the  (jnantily  dissipated  in  the  Bpace  around  them. 
The  copper  still  asserts  its  predominance ;  the  needle  still 
indicates  that  the  end  c  is  most  heated :"  and  thus  wc  pro\'« 
copper  to  be  a  belter  conductor  of  heat  than  iron.  This 
little  experiment  illustrates  how  iu  natural  philosophy 
we  turn  one  agent  to  account  in  the  iuvcetigatiuu  of  an- 
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Every  new  disdovery  is  a  new  inatrninent :  it  was 
K  an  end,  bat  it  is  soon  a  means ;  and  thus  the  growth 
i|fcic;ace  is  BociirL-<L 

[■  One  of  the  first  attempta  to  dotermino  with  accuracy 
H  ooudnctivity  of  <Jifftirent  bodies  for  heat,  was  that  siig- 
1  by  Franklin,  and  carried  out  by  Ingenhaufiz.  He 
i  z  Dumber  of  bars  of  various  eubstanccs  witii  wax, 
B  immersing  the  ends  of  the  bars  in  hot  oil,  ho  observed 
k  distaoco  to  wliich  tho  wax  was  melted  on  each  of  the 
The  good  conductors  melted  tho  wax  to  the  great- 
est dlstsncc ;  and  the  melting  distance  furnished  a  measure 
of  die  condnctirity  of  the  bar. 

p  The  second  method  was  that  pointed  out  by  Fourier, 
i  followed  out  experimentally  by  M.  Despretz,  a  b  (fig, 
I  represents  a  bar  of  metal  with  holes  drilled  in  it,  in- 
~  d  to  coataiu  small  thermometers.    At  the  end  of  tho 

Flg-W 
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B  ^aced  a  lamp  as  a  source  of  heat ;  the  heat  propa- 

bed  itself  through  the  bar,  reaching  tho  thermometer  a 

,  h  next,  c  next,  and  so  on.     For  a  certain  time  the 

lomelera  coatinucd  to  rise,  but  afterwards  tho  state 

Ktbe  bar  became  stationary,  each  thermometer  marking  a 

Btatit  temperature.     The  better  tho  conduction,  the 

iHer  is  the  difference  between  any  two  successive  tbcr- 

metora.    The  decrement,  or  /tiU  of  heat,  if  I  may  uso 

k  term,  from  the  hot  end  towards  the  cold,  ia  greater  in 

\  bad  conductors  than  in  tho  good  ones,  and  from  ihu 
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decrement  of  temperature  shown  by  the  thermometers  wo 
can  deduL-c,  and  cjqirese  by  a  numlHsr,  the  conductiiily  of 
the  bar.     This  samu  method  was  foUowed  by  SUI.  AViede-_ 
m&nc  and  Franz,  in  a.  very  important  investigation,  bat  t 
stead  of  using  thermometers  they  employed  a  enita 
modification  of  tho  thermo-olectric  pile.    Of  the  nra 
and  liighly  interesting  results  of  theso  experiments  the  fol 
lowing  is  a  reaomi; : — 


■mnarSabiUmm 

For  ElcelrWlr 

Silver  . 

100 

Cop,>er         .        . 

13 

Cold    .        .        . 

Brass  .        .        . 

23 

1-m      .        .        . 

sa 

Iron     .        .        . 

13 

Load    .        .        . 

il 

FUlJnum      . 

10 

Germim  ^Tcr      . 

0 

Bismath 

3 

This  table  shows,  that,  as  regards  their  condnctivt 
powers,  the  metals  dilTer  very  widely  from  each  olhei 
Calling,  for  example,  the  conductive  power  of  silver  lOOd 
that  of  German  silver  is  only  6.    You  may  illustrate  t  ' 
dilference  in  a  very  simple  way  by  plunging  two  spoona^ 
"one  of  German  Mlver  and  the  other  of  pure  silver,  into  thflfl 
same  vessel  of  hot  water.     After  a  little  time  you  find  the-  4 
free  end  of  the  silver  spoon  much  hotter  than  that  of  its   " 
neighbour ;  and  if  bits  of  ]ihosphoru3  be  placed  ou  the  ends  J 
of  tlie  spoons,  that  on  the  silver  will  fuse  nnd  ignite  i 
very  short  time,  while  the  heat  transmitted  through  thtt 
other  spoon  will  never  reach  an  intensity  safEcient  to  ignit« 
the  [ihoaphorua. 

Nothing  is  more  interesting  to  the  natural  philosoplw 
than  the  tracing  out  'of  connections  and  relationships  hoi 
twoon  tho  ^'arioU9  agencies  of  uatiiio.     Wc  know  that  tlioj 
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are  a  eominon  brotherhood,  we  know  that  tlicy  arc  mutual- 
ly coOTenible,  but  aa  yet  we  know  very  little  as  to  the  pre- 
face form  of  tho  oonverBion.  We  have  every  reason  to 
ocmclmlo  that  boat  aad  electricity  are  boUi  modes  of  mo- 
lion  ;  we  know  crperimen tally  that  from  electricity  we  can 
get  beat,  and  from  heat,  as  in  the  caee  of  our  thermo-eleo 
tric  pile,  wo  can  get  electritaty.  But  although  we  have,  or 
tliink  we  liave,  tolerably  clear  ideas  of  the  character  of  tho 
motion  of  heat,  our  ideas  are  very  unclear  as  to  the  precise 
>  aatqro  of  the  change  which  this  motion  must  undergo,  in 
Older  to  appear  as  eleetxidty — in  fact,  we  know  as  yet 
t  nothing  about  it. 

Our  tabic,  however,  exhibits  one  important  connection 
I  ^twc«n  beat  and  electricity.  Beside  the  numbers  oxpress- 
1  faig  conductivity  for  heal,  JOJ.  Wiedemann  and  Franz  havo 
[■jdaood  the  numbers  expressing  the  conductivity  of  tho  same 
r'jnctalB  for  electricity.  They  run  side  by  side:  tho  good 
mdoctor  of  heat  ia  tho  good  conductor  of  electricity,  and 
E  bad  conductor  of  heat  is  the  bad  conductor  of  oleetri- 
,•  Thus  wo  may  infer,  that  the  physical  quality  which 
rfcres  with  the  transmiasion  of  heat,  interferes,  in  a 
tortionalo  degree,  with  the  transmission  of  electricity, 
ion  susceptibility  of  both  forces  indicates  a  rcla- 
liip  which  future  investigations  will  no  doubt  clear  up. 
t  me  point  out  another  eridence  of  communion  be- 
een  heat  and  electricity,  I  have  here  a  length  of  \vire 
'  (  np  of  pieces  of  two  different  kinds  of  wire ;  lliero 
hree  pieces  of  platinum,  each  four  or  five  inches  long, 
i  tliree  pieces  of  silver  of  tho  same  length  and  thickness. 
'»  &  proved  fact  that  the  amount  of  heat  developed  in  a 
e  by  a  current  of  electricity  of  a  certiun  strength,  is  di- 
Otly  proportional  to  the  resistance  of  the  wire.f    Wo 
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may  figuro  tho  atome  as  throwing  Utcnisdvcs  a 
across  the  track  of  the  electric  current — the  current  Ic 
Lug  against  tlteni,  and  imparting  its  motion  to  them,  oi^P 
rendering  tho  ^rire  hot.  In  th«  cnsc  of  tlie  good  conduct- 
or, on  thf  contrary,  the  current  may  be  figured  as  gliding 
freely  round  the  atouis  without  distorbiug  them  in  any 
groat  degree.  I  will  now  eend  the  Belf-samc  current  from 
a  batt«ry  of  twenty  of  Grove's  cells  through  this'com- 
pound  wire.  You  eco  three  spaces  white-hot,  and  thra^ 
tlark  spacca  between  thorn.  The  white-hot  portions  of  t 
wire  are  platinum,  and  the  dark  portions  are  silver. 
clectrio  current  breaka  impetuously  upon  the  molecules  0 
the  platinum,  while  it  glides  with  little  resiatanoe'a 
the  atoms  of  silver  thus  producing,  in  the  metals,  d" 
calorific  effects.* 

Kow  I  wish  to  show  you  that  tho  motion  of  heat  inter' 
feres  with  the  motion  of  electricity.  You  are  acquainted 
n'ith  the  little  platinum  lamp  which  stands  in  front  of  iha 
table.  It  consists  simply  of  a  Utile  coil  of  platinum  T 
suitably  attached  to  a  braas  stand.  I  can  send  a  cui 
through  that  coil  and  cause  it  to  glow.  But  yon  see  I  liavj 
itilroduced  into  the  circuit  two  feet  additional  of  thin  plal 
num  wire,  and  on  cstabliBhing  tho  connection,  the  C 
current  pneacs  through  this  wiie  and  the  coil.  Both,  yoj 
fice,  are  nuscd  to  redness — both  are  in  a  state  of  ii 
molocidar  motion.  VThat  I  wish  now  to  pi-ove  is,  tbitt  ti 
motion  of  heat,  which  tho  electricity  has  generated  ii 
two  foot  of  wire,  and  in  virtue  of  which  the  wire  f 
ofTurs  a  hindrance  to  tho  passage  of  tho  current.  The  elej 
trieity  has  raised  up  a  foe  in  its  own  path.  I  will  cool  ti 
wire,  and  thereby  cause  the  heat  to  subside.  I  bIwD  t 
ojH'ii  a  wider  door  for  the  passage  of  the  electricity. 
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tare  electricity  passes,  it  will  aanounco  itsolf  at  the  pla- 
n  lamji ;  it  will  Toise  tliat  red  bent  to  wbitcnces,  and 
diaoge  in  the  intensity  of  the  light  will  be  viaible  to 
all. 


Thus,  then,  I  plunge  my  red-hot  wire  into  a  beaker  of 
■ter  w  (fig.  05) :  observe  tlio  himp,  it  becomes  almost  too 
(ght  to  look  ut.  t  raise  the  wire  out  of  the  wnter  and 
low  tlic  motion  of  heat  onee  more  to  dcvi'lope  itedf;  the 
1  of  electricity  is  instantly  impeded,  and  the  lamp 
I  briglihiesB.  I  again  dij)  tlie  wire  into  the  cold 
;r  and  deeper :  obsone  liow  the  light  becomes 
>d — deeper  stJU,  so  as  to  quench  the  entire  two  feet 
;  the  augmented  current  raises  the  lamp  to  its  maxi- 
i  brightnosfi,  and  now  it  suddenly  goes  out.  Tlie  cii^ 
I  broken,  for  tlie  coil  haa  actnally  been  fused  by  the 
litional  flow  of  (.'lectricity. 

Lot  US  now  devote  a  moment's  lime  to  iho  conduction  of 
dIiI.  To  all  appearance  cold  may  be  conducted  like  heat. 
Pero  i&  a  coj^cr  cylinder,  wbicli  I  warm  a  little  by  holding 
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it  for  a  moment  tn  mj  hand.    I  place  it  on  tbe  pile,  and  C 
needle  goes  np  to  90",  declaring  heat.    On  tbia  cylinder 
place  a  second  one,  which,  as  yoa  obBerve,  I  have  chillt 
by  sinking  it  for  some  time  in  tliis  mass  of  ice.    We  * 
a  moment,  the  ncwlle  moves :  it  is  now  descending  to  » 
pfiBBGB  it,  and  goes  on  to  S0°  on  the  Bido  of  cold.    Analog 
might  well  lead  you  to  snpposo  that  the  cold  is  conducted 
downwards  from  the  top  cylinder  to  the  bottom  one,  tta 
the  heat  was  oondncted  in  our  former  esperimentB,   I  haq 
no  objection  to  tlie  term  '  conduction  of  cold,'  if  it  bo  n 
with  a  clear  knowledge  of  tlie  real  physical  proccn  1 
colvcd.    The  real  process  is,  that  the  warm  intenned 
cylinder  first  ddivera  np  its  motion,  or  heat,  to  the  old  q 
linder  overhead,  and,  bavhig  thus  lost  its  ovm  posses^tl 
of  lieat,  it  draws  upon  that  of  the  pile.    In  onr  former  a 
periments  we  had  conduction  of  motion  to  the  pile 
present  one  we  have  conduction  of  motion  jyom  t 
In  the  former  case  the  pile  is  heated,  in  the  latter  chill 
the  heating  produces  a  positive  current,  tho  chilling  p 
duces  a  negative  ciirrcnt ;  b«t  it  is  in  both  cases  the  propj 
gation  of  motion  with  which  we  have  to  do,  the  hcstiq 
and  the  chilling  depending  solely  upon  tlie  direction  < 
propagation.    I  pla<^c  one  of  these  metal  cylinders,  -whid 
have  purposely  cooled,  on  the  face  of  our  pile  ;  a  violej 
deflection  follows,  declaring  the  chilling  of  the  instnmicii 
Are  wc  to  snppose  the  cold  to  bo  an  entity  commnnicatei 
to  the  pile  ?     No.     Tlio  pile  hero  is  the  warm  body  ; 
molecular  motion  is  in  excess  of  that  possessed  by  tho  cyW 
inder ;  and  when  both  come  into  contact  the  pile  Bccks  ti 
make  good  the  defect.    It  imparts  a  quantity  of  its  c 
motion  to  the  cylinder,  and  by  its  boimty  becomes  imp(H{ 
erished :  it  chills  itself,  and  generates  tho  cuiTcnt  dno  I 
cold. 

I  remove  tbe  cold  metal  cylinder,  and  place  n 
[a  cylinder  of  wood,  having  the  same  tempi 
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Imetal  one.  TTie  cLiU  is  very  feeble,  and  ihe  consequent 
1  very  small.  Wly  does  not  the  cold  wood  pro- 
n  action  eqiiiU  to  that  of  the  cold  metal  ?  Simply  be- 
'  use  the  heat  communicated  to  it  by  the  pile  ia  aocamiilat^ 
I  !it  its  under  surface  ;  it  cannot  escape  through  the  bud 
ci.ndacting  wood  as  it  escapes  tlirough  tlie  met«l,  and  thus 
the  quantity  of  he:it  withdrawn  from  tbc  pile,  by  the  wood, 
islcK  than  that  withdrawn  by  the  copper.  A  Bimilar  efiect 
« t>KK]uuc4l  when  the  hnmno  nerves  are  substituted  for  the 
]Mle,  Suppose  you  come  into  a  cold  room  and  liiy  your 
hwiil  upon  the  fire-irona,  the  chimney-piece,  the  chaira,  the 
caipd,  in  encccssion  ;  they  appear  to  you  of  difiereut  tem- 
pcraturca:  the  iron  chills  you  more  than  the  marble,  the 
narhle  more  than  the  wood,  and  so  on.  Your  hand  is  afieeted 
•iBCtly  as  the  pile  was  affected  in  the  last  experiment.  It 
u  needless  to  say  that  the  reverse  takes  place  when  yon 
"Uler  a  hot  room ;  that  is  to  say,  a^  room  hotter  than  your 
"wii  bodies.  I  should  certainly  suffer  if  I  were  to  lie  down 
npoii  a  plate  of  metal  in  a  Turkish  bath  ;  but  I  do  not  suffer 
*'ieii  I  lie  down  on  a  bench  of  wood.  By  preaertTiig  the 
^S  from  contact  with  good  conductors,  very  high  tcm- 
Wrea  may  be  endured.  Eggs  may  bo  boiled  and  beef- 
1  cooked,  by  the  heat  of  an  apartment  in  wliidi  the 
g  bodies  of  men  sustain  no  injury. 

t  philosophy  of  this  last  experiment  is  worthy 
'a  consideration.    With  it  the  names  of  Blag- 
1  Chantrey  are  associated,  those  eminent  men  hav- 
scd  thomselves,  in  ovens,  to  tempenttnres  consider- 
[hor  than  that  of  boiling  water.     Let  us  compare 
■condition  of  the  two  living  human  beings,  with  lliat 
0  marble  statues  placed  in  the  same  oven.     The  stat- 
!  gradually  hotter,  until  finally  they  assume  the 
B  of  the  air  of  the  oven;  the  two  sculptors, 
e  Dame  circumatances,  do  not  similarly  rise  in  torn. 
If  they  did,  the  tissues  of  the  body  would  bo 
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infallibly  destroyed,  the  temperature  which  they 
being  more  than  sufficient  lo  stew  tlie  muscles  in  thoir 
li<|mile.  lint  tho  fact  is,  that  the  heat  of  the  blood 
iicarccly  afiected  by  an  augmentntion  of  the  external  h< 
This  hciit,  instead  of  being  applied  to  increase  the  ti 
peratore  of  the  body,  ia  applied  to  tho  performance , 
work,  in  altering  the  aggregation  of  the  body ;  it  piepot 
the  perspiration,  forces  it  through  tho  pores,  aud  in  p 
vaporises  it.  Ucat  is  here  converted  into  potential  en 
gy ;  it  is  consumed  in  work.  This  is  the  waste-ppe,  jj 
may  use  the  teiiu,  through  which  the  excess  of  hoat  tn^ 
flows  ;  and  hence  it  is,  that  lUQdor  the  most  varying  coo 
tions  of  climate  the  temperature  of  the  human  blood 
practically  constant.  The  blood  of  the  Laplander  ia  set 
biy  as  warm  as  that  of  tlie  Hindoo ;  while  an  EDgUsfaiui 
in  sailing  from  the  nortli  pole  to  the  south,  finds  iua  blo( 
temperature  hardly  heightened  by  his  approach  to  I 
equator,  and  hardly  diminished  by  his  approach  to  the  a 
arctic  pole. 

When  the  conunnni cation  of  heat  is  gradual — as  it 
ways  is  when  the  body  ia  surrounded  by  an  imperfi 
conductor — the  hoat  ia  consumed  in  tlie  manner  ini 
as  fast  as  It  is  supplied ;  but  if  the  supply  of  heat  ba 
quick  {as  it  would  be  in  the  case  of  contjict  with  a  go 
conductor)  tliat  the  conversion  into  tliis  harmless  potent 
energy  camiot  be  executed. with  suUicieiit  rapidity,  llie 
jury  of  tlie  tissnes  is  tlio  result.  Some  people  havt-  p: 
fessod  to  BOO  in  tliis  power  of  the  living  body  to  resist 
liigh  tempcralurc,  a  conson'ativo  action  peculiar  to  {, 
vital  force.  No  doubt  all  the  actions  of  the  animal  orgi 
ism  are  connected  with  what  we  call  its  vitality ;  but  t 
action  here  referred  to  is  the  same  in  kind  as  tlie  meltii 
of  ice,  or  tlte  vaporisation  of  water.  It  consists  simply 
the  diversion  of  heat  from  the  purposes  of  temperature 
lliL'  perfonuaucc  of  work. 
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TTnia  far  wc  bare  compared  the  conducting  power  of 
Hiltrent  bodies  togctLer;  but  the  same  substanee  may 
I '■"<;»  dificrent  powers  .of  conduction  in  different  direc-  ■ 
:  .ut.  Many  crystaU  are  eo  built  tliat  the  motion  of  heat 
iiMi  with  greater  facility  along  ccrttuii  lines  of  atoma  tlian 
I'liig  others.  Here,  for  iustsncc,  is  a  large  rock-crystal — 
i-iTBial  of  qoartz  forming  an  hexagonal  pUlar,  which,  if 
'  iiiiplet^i  would  be  terminated  by  two  Bix-siileil  pyrtmids. 
!!i;a  travels  with  greater  facihty  along  the  axia  of  this 
(ry.tal  than  across  it.  Tliis  has  been  pro\ed  m  a  very 
':ii['Ic  manner  by  M.  de  Senarmont  I  have  here  two 
;  1  Hw  of  quiirtz,  one  of  which  la  cut  parallel  to  the  axis 
■'  ilie  cryBtal,  and  the  other  perpendicular  to  it  I  cont 
■'"■  plales  witli  a  layer  of  white  wax,  laid  on  by  a  camel's 
lir  pencil.  Tlie  plat«8  are  pierced  at  the  centre,  and  mto 
iji  bole  I  inBcr*  ■'  wire,  which  I  warm  by  an  ekUric  cur- 


-.   ,  „.  66)  ifl  tlio  battery  wiioncu  tlio  eurrcni  pro-    ' 
(wd»  i  c  trt  a  capsule  of  wood,  through  the  bottom  of  which 
a  icwing-uck-dle  passes ;  rf  is  a  second  capsule,  into  which 
"'  a  the  point  of  the  needle,  and  Q  is  the  perforated  pluto 
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of  qitartz.     Each  capsule  contains  a  drop  of  i 
Wbea  the  current  passes  from  c  to  d,  the  needle  is  h 
-  and  the  heat  is  propagated  in  nil  directions.     The  1 
melts  aroimd  the  place  where  the  Iicat  is  applied  ;  and  a 
this  plate,  which  is  cut  perpcadlcttlar  to  the  axis  of  t 
quartz,  I  find  the  figure  of  the  melted  wax  to  be  a  peiibq 
circle  (fig.  67).    The  heat  has  travelled  with  the  s; 
pidit}'  all  round,  aud  melted  the  wax  to  the  some  dieta 
in  all  directions.     I  make  a  similar  experiment  with  t 
Other  plate :  the  wax  is  now  melting ;  Ijnt  I  notice  tliat  i) 
lignre  is  no  longer  a  circle.    The  heat  travels  more  specdi 
along  the  axis  than  across  it,  and  hence  the  wax  figure  ii 
ellipse  instead  of  a  circle  (fig.  67a).     When  the  wax  d 
I  will  project  magnified  images  of  these  two  plat«a  u 
tlie  screen,  and  you  will  then  see  the  circular  figure  i 
melted  wax  on  tlic  one,  and  tlie  oval  figure  of  tlio  v 
the  other.    Iceland  spar  conducts  better  along  the  c 
lographic  axis  than  at  right  angles  to  it,  while  a  crystal  c 
tourmaline  conducts  best  at  right  angles  to  its  axis, 
metal  bismuth,  with  which  you  arc   already  acquainted, 
cleaves  with  great  facility  in  one  direction,  and,  as  has  been 
well  shown  by  MM.  Svanberg  and  Matteucci,  it  conducts 
both  heat  and  electricity  Ijetter  along  the  planes  of  cleav- 
age than  across  them. 

In  wood  wc  have  an  eminent  example  of  this  difiV-rence 
of  conductivity.  Upwards  of  twenty  years  ago  JVIM.  De 
la  Kive  and  De  Candollo  instituted  an  inquiry  into  the  con- 
ductive power  of  wood,*  and,  in  the  case  of  five  specimona 
cxanuned,  estiblished  the  fact  that  the  velocity  of  tranEmi^  J 
siou  was  greater  along  the  fibre  than  across  it.  The  u 
of  experiment  was  th.'it  usually  adopted  in  inquiries  of  tl 
nature,  and  which  was  applied  to  metals  by  M.  Despreta 


•  Uim.  lie  la  Soe.  do  Geuttc.  vol.  It.  pL  70. 
f  Annalcidc  CliiiD.  ct  tie  FLjs.  Decuuiber  lesT. 
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A  Tiar  of  the  flubstince  was  taken,  one  end  of  which  was 
brought  into  contact  with  a  source  of  heat,  and  allowed  to 
tc-iuMn  so  until  a  stationary  temperature  waa  assumed. 
rill'  temperatures  attained  by  the  bar,  at  various  distances 
-Ilia  iis  heated  end,  were  ascertained  by  means  of  llier- 
iiuraeters  fitting  into  cavities  made  to  receive  them  ;  from 
llieie  data,  with  the  aid  of  a  well-known  formula,  tlie  con- 
ductivity of  the  wood  was  determined. 

To  determine  the  velocity  of  calorifio  transmission  in 
sot  directions  tlirough  wood,  the  instrument  shown  in 
Jos  WM  devised  some  years  ago  by  myself.  Q  tj'  k  ij'  is 
■oblong  jiiece  of  mahogany,  a  is  a  bar  of  antimony,  b  is 
bar  of  bismutli.  The  united  ends  of  the  two  bars  are 
kept  in  close  contact  by  the  ivory  jaws  i  i',  and  the  other 
is  are  lut  into  a  second  piece  of  ivory,  in  which  they  are 
t  fixed.  Soldered  to  these  enda  are  two  pieces  of 
a  wire,  which  proceed  to  the  little  ivory  cups  m  m, 
tc  throngh  the  sides  of  the  cups,  and  commnnicate  with 
hip  of  mercury  placed  in  the  interior.  The  mahogany 
It  sway,  BO  that  the  bars  a  nnd  n  are  Riink  to  a  depth 
h  places  their  upper  surfaces  a  little  below  the  general 
ll  of  the  slab  of  mahogany.  The  ivory  jaws  1 1'  are  sunk 
"srly.  Two  small  projections  are  observed  in  the  figure 
pGng  from  i  i' ;  across,  from  one  projection  to  the  other, 
0  iDGJDbnmc  is  stretched,  thus  enclosing  a  little  cham- 
Im,  in  front  of  the  wedge-like  en<l  of  the  bismuth  and 
liiiony  junction  ;  the  chamber  has  an  ivory  bottom,  s  is 
Hien  slider,  which  can  be  moved  Bmoothly  back  and 
brard  along  a  bevelled  groove,  by  means  of  the  lever  l. 
I  lever  turns  on  a  pivot  near  q,  and  fits  into  a  horizontal 
Itln  the  slider,  to  which  it  ia  attached  by  the  pin  p'  puss- 
ins;  throngh  both  ;  in  the  lever  an  oblong  aperture  is  cut, 
iliiough  which  p'  passes,  and  in  which  it  has  a  certain 
wionnt  of  lateral  play,  so  aa  to  enable  it  to  push  the  slider 
I  a  straight  lino.    Two  projections  are  seen  at 
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!Dil  of  die  alider,  and  across,  from  projection  to  ptojec- 

a  tLin  incinhrane  is  Btretchcd ;  a  chaoibor  m    i§  tlius 

led.  boiindfil  on  tlirco  sidgs  and  tlio  bottom  by  wood, 

iu  front  by  tlic  membrane.    A  thin  platinum  wire,  bent 

down  several  times,  so  as  to  form  a  kind  of  grating, 

id  against  the  back  of  this  cbamber,  and  imbedded  in 

end  of  tbo  slider  by  the  stroke  of  n  hammer  ;  tho  end 

wliich  the  wire  is  imbedded  is  then  filed  down,  imtil 

Aoat  half  the  wire  is  removed,  and  the  whole  is  reduced 

lo  a  onifonn  flat  snrface.     AgMDst  the  common  aarfaco  of 

r!;o  »iider  and  wire,  an  eitremely  thin  plate  of  mica  is 

jUied,  eofficieut,  simply,  to  intcrmpt  all  contact  between 

ibc  bent  wire  and  a  quantity  of  mercury  which  the  chnm- 

t>or  tn'  is  destined  to  contain ;  the  ends  to  m'  of  the  bent 

wire  proceed  to  two  small  clatems  c  c,  hollowed  out  in  a 

slab  of  ivory ;  the  wires  enter  through  the  substance  into 

the  cisterns,  and  come  thus  into  contact  with  mercury,  which 

fills  the  latter.    The  end  of  the  slider  and  its  bent  wire  are 

ihown  in  fig.  6Bo.    Tho  rectangular  space  e  fg  h  (fig.  08) 

it  cut  quite  through  the  slab  of  maliogany,  and  a  brass 

jJ-Ttc  is  screwed  to  the  latter  underneath  ;  from  this  plato 

(wliicli,  for  reasons  to  bo  explained  presently,  is  cut  away, 

abown  by  the  dotted  lines  in  tho  figure)  four  conical 

ory  pillars  abed  project  upwards  ;  though  appearing  to 

konpoti  the  s.aiDe  plane  as  tho  upper  eurfaces  of  the  bis- 

tnnth  and  antimony  bars,  t!io  jiotnts  arc  in  reality  0'3  of  an 

inch  below  tte  said  Borfaces, 

Tlio  body  to  be  examined  is  reduced  to  the  shape  of  a 

cube,  and  is  placed,  by  means  of  a  pair  of  pliers,  upon  the 

four  supports  abed;  the  slider  s  is  then  drawn  up  against 

Uwi  cube,  and  tho  latter  becomes  firmly  clasjicd  between 

projections  of  the  pieco  of  ivory  i  i'  on  the  one  nide, 

tboflo  of  tho  slider  s  on  the  other.    The  chambers  ni  m' 

ig  filled  with  mercury,  the  membrane  in  front  of  each 

prewMoil  gently  against  the  cube  by  tho  interior  fluid 
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masB,  and  in  tliis  way  perfect  contact,  vhich  is  abaolatd 
essential,  is  si^curcd. 

The  problem  which  requires  solution  is  the  following 
— It  is  required  to  apply  a  source  of  lieat  of  a,  stiiot 
measurable  character,  and  always  readily  attainable,  ) 
that  face  of  the  cubo  which  ia  in  contact  with  the  a 
brane  at  the  end  of  the  slider,  and  to  determine  the  qui 
Uty  of  this  heat  which  crosses  the  cube  to  the  oppou) 
face,  in  a  minute  of  time.  For  tbe  solution  of  this  prol 
lem,  two  things  ai-o  required — lust,  the  Bource  of  hoat  t 
be  applied  to  the  left  hand  of  the  face  of  tbo  cube,  and  a 
ondly,  a  means  of  measuring  the  amount  which  iiaa  i 
its  appearance  at  the  opposite  lace  at  the  expiration  of, 
minute. 

To  obtain  a  source  of  hoat  of  the  nature  described,  6 
foUowhig  method  was  adopted : — b  is  a  small  galvaoio  b 
tery,  from  which  a  current  proceeds  to  the  tangent  gain 
ometcr  t  ;  passes  round  the  ring  of  the  instrimient,  defl«4 
ing  in  its  passage  the  miignctic  needle,  which  hangs  in  ^ 
centre  of  tbe  ring.  From  t  the  current  proceeds  to  S 
rheostat  r  ;  this  instrument  consists  of  a  cylinder  of  « 
pentine  stone,  round  which  a  German  silver  wHie  is  ooi 
spirally;  by  turning  tbe  handle  of  the  inatrimient,  | 
required  quantity  of  this  powerfully  resisting  wira 
thrown  into  the  circuit,  the  current  being  thus  regnlatea 
pleasure.  The  solo  use  of  these  two  last  instruments,  ia  \ 
present  scries  of  esporimouts,  is  to  keep  tbo  current  [ 
fectly  constant  from  day  to  day.  From  the  rheostat  I 
current  proceeds  to  the  cistern  c,  thence  through  the  1 
wire,  and  hack  to  tbe  cistern  c',  from  which  it  prooe 
the  other  polo  of  tbo  battery. 

Tlie  bent  wire,  during  the  passage  of  tliQ  current, ' 
comes  gently  heated  ;  this  beat  ia  transmitted  tlirougli  t' 
mercury  in  the  chamber  m  to  tbo  membrane  in  front  d 
the  chamber ;  this  membrane  becomes  the  proxiinale  s 
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beat  tfbich  is  applied  to  tlie  left-hiuid  face  of  the  cube, 
quantity  of  Iieat  transmitted  frtjm  this  source,  through 
i  of  the  cube,  to  the  opposite  face,  in  any  given 
I,  is  estimated  from  the  deflection  'which  it  is  able  to 
Anoe  upon  the  needle  of  a  galvanometer,  connected  with 
'bismuth  and  antimony  pair,  o  is  a  galvanometer  used 
'  this  porpose ;  from  it  proceed  wires  to  the  mercnry 
8  V  u,  which,  as  before  remarked,  are  connected  by  pla- 

n  vires  with  a  and  b. 
;^ie  action  of  mercnry  npon  bismuth,  as  a  solvent,  is 
t  known ;  an  amalgam  is  speedily  formed  wlien  the  two 
B  into  contact.    To  preserve  the  thermo-electric 
pie  &om  tills  action,  their  ends  are  protected  by  a 
f  of  the  same  membmne  as  that  used  in  front  of 


ions  to  llie  cube's  being  placed  between  the  two 

ibmnes,  the  latter,  by  ^-irtue  of  the  fluid  masses  behind 

It,  btilge  out  a  little,  thus  forming  a  pair  of  soft  and 

itly  convex  cushions.    When  the  cube  ia  placed  on  its 

and  the  slider  h  brought  np  against  it,  both  cnsti- 

are  pressed  fi.il,  and  thus  make  the  contact  perfect. 

nirfiico  of  tho  cube  is  larger  than  the  surface  of  the 

itiTsnc ;  •  and  thns  the  former  is  always  firmly  caught 

mm  the  opposed  rigid  projections,  the  slider  being  held 

In  this  position  by  means  of  the  spring  r,  which  ia  then 

lod  to  tho  pin  p.     The  exact  manner  of  experiment  is 

; — Ilaving  first  seen  tliat  tlic  needle  of  tho  gal- 

pomts  to  zero,  when  the  therm  o-cir cult  is  com- 

the  latter  is  inlcrnipted  by  means  of  the  brenk-cir- 

fcoy  Ar*.    At  a  certain  moment,  marked  by  the  second- 

of  a  watch,  the  voltaic  circuit  is  closed  by  the  key  k, 

tlie  onrrent  la  permitted  to  circulate  for  sixty  seconds ; 

BixtJcth  second  the  voltaic  circuit  is  broken  by  the 

*  The  cilge  of  cncli  cabe  mcuurcd  0''i  lach. 
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left  hand  at  ft,  while,  at  the  Bamc  instant,  the  thermo-^ 
cuit  is  dosed  by  the  right  hand  at  k'.  The  needle  of  tl 
galvanometer  is  instantly  deflected,  and  the  hmit  of  tl 
first  impul^on  is  noted ;  the  amoitnt  of  thin  impnlsion  d 
pends,  of  course,  upon  the  quantity  of  heat  whic^  hi 
reached  the  hiamnth  and  antimony  junction  throngh  tl 
mass  of  the  cube,  during  the  timo  of  action.  The  limit  of 
the  first  impulsion  being  noted,  the  cube  is  removed  saSk 
the  instrument  is  allowed  to  cool,  nntil  the  needle  of  t 
galvanometer  returns  to  zero.  Another  cube  being  intlO> 
diiced,  the  voltaic  circuit  is  once  more  closed,  the  c 
permitted  to  circulate  sixty  seconcls,  then  intermpted  1 
the  left  hand,  the  thermo-ctrcnit  being  closed  at  the  s 
moment  with  the  right,  and  the  limit  of  the  first  swing  i| 
noted  as  before. 

Judging  from  the  description,  the  mode  of  expcrijnei 
may  appear  complicated,  but  in  reality  it  ia  not  so.  A  n 
gle  experimenter  has  the  most  complete  command  over  tl 
entire  arrangement.     The  wires  from  the  small  \ 

battery  (a  single  cell)  remain  undisturbed  from  day  to  did 

all  that  ifl  to  be  done  is  to  connect  the  battery  with  thefl 
and  everything  ia  ready  for  experiment. 

There  arc  in  wood  three  lines,  at  right  angles  with  e 
other,  which  the  mere  inspection  of  the  substance  cnabli 
us  to  fix  upon  as  tlie  necessary  residtants  of  molecular  a 
tion :  the  first  line  is  ]>aratlel  to  the  fibre ;  the  second  i 
perpendicnlar  to  the  fibre,  and  to  the  ligneous  lay< 
indicate  the  annual  growth  of  tlie  tree  ;  while  the  third  i 
perpendicular  to  the  fibre,  and  parallel,  or  rather  t-mgcntia] 
to  the  layers.     From  each  of  a  number  of  trees  a  cube  -^ 
cut,  two  of  whose  faces  wore  parallel  to  the  ligneous  lajp 
crs,  two  perpendicular  to  them,  while  the  remaining  ti 
were  perpendicular  to  the  fibre.     It  was  proposed  to  era 
ine  the  velocity  of  calorific  transmission  through  the  wo 
in  these  three  directions.     It  may  be  remarked  that  t 
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cabes  were  fdr  average  Bpecimena  of  the  woods,  and  were 
in  all  c^ea  well-seasoDed  and  dry. 

The  cube  was  first  placed  upon  its  four  supports  abed, 
BO  that  the  line  of  flux  from  m'  to  m  was  parallel  to  the 
fibre,  and  the  deflection  produced  by  the  heat  transmitted 
m  sixty  geconda  was  observed.  The  position  of  the  cube 
was  then  changed,  so  that  its  fibre  stood  vertical,  the  line 
of  Qax  from  m'  to  m  being  perpendicular  to  the  fibre,  and 
[tamtlel  U)  the  ligneous  layers ;  the  deflection  produced  by 
a  minute's  action  in  this  case  was  also  determined.  Final- 
ly, the  cube  was  turned  90"  round,  its  fibre  being  still  ver- 
tical, so  that  the  line  of  flux  was  perpendicular  to  both  fibre 
nnd  layers,  and  the  consequent  deflection  was  observed. 
In  the  comparison  of  these  two  latter  directions  the  chief 
delicacy  of  manipulation  is  necessary.  It  requires  but  a 
tfRNigh  experiment  to  demonstrate  the  superior  velocity  of 
alion  along  the  fibre,  but  the  velocities  In  all  di- 
i  perpendicular  to  the  fibre  arc  so  nearly  equal  that 
I  only  by  great  care,  and,  in  the  majority  of  cases,  by 
9  experiments,  that  a  diflcrcnce  of  action  can  be 
rely  established. 

~  e  following  table  contains  some  of  the  results  of  tho 
;  it  will  explain  itself: — 
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The  above  table  fur 
he  result  arrived  at  bj 
^rding  the  aoperior  con 
ioc  of  the  fibre.    Evidc 

i 

nishcB  us  with  !i  corroboralioin 
De  la  Rive  and  De  Candoll^ 
ductivity  of  the  if  ood  in  the  <S^ 
Dce  is  also  aPbrdod  as  to  how  19 
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sicre  density  afifects  the  velocity  of  transmission.  There 
.['jiears  to  bo  neither  law  nor  gcnerni  iiile  here,  American 
iircli,  a  comparatively  light  wood,  pOBsesseB  undoubtedly 
higher  transmissivD  power  than  any  other  in  the  list. 
'MFi-wood,  on  the  contrary,  with  a  specific  gravity  of  1 -426, 
:  ittds  low.  Again,  Oak  and  Coromandel-wood — the  latter 
I  hard  and  dense  that  it  ia  used  for  sharp  war-instriimcnts 
V  savage  tribes — stand  near  the  head  of  the  list,  while 
-•iMtch  Fir  and  other  light  woods  stand  low. 

If  w<;  cast  our  eyes  along  the  second  and  third  coliunna 
of  )he  table,  we  shall  find  that  in  every  instance  the  velocity 
of  propagation  is  greatest  in  a  direction  perpendicular  to 
tliB  ligneous  layers.  The  law  of  molecular  action,  aa  re- 
gards lie  transmission  of  heat  through  wood,  may  there- 
fore be  expressed  aa  follows : — 

At  all  the  points  not  situate  in  the  centre  of  the  tree, 
Koodpossesxs  three  wicquai  axes  of  caloriJiG  conduction, 
wteft  are  at  right  angles  to  each  ot/ter.  The  Jirst,  and 
[  oxw,  is  parallel  to  the  Jibre  of  the  Kood;  thi 
%  and  intermediate  axis,  is  perpendictUar  to  the  fihre 
\  to  the  ligneous  layers  ;  while  the  third  and  least  aieis 
mtdlcular  to  the^bre  and  parallel  to  the  layers. 

I.  De  la  Rive  and  Do  CandoUe  have  remarked  upon 

s  which  its  feeble  conducting  power  in  a  lateral 

ion  must  exert  in  preserving  within  a  tree  tie  warmth 

h  it  acijuirea  from  the  soil.    In  virtue  of  this  property 

« is  able  to  resist  sudden  changes  of  temperature  which 

^d  probably  be  prejudicial  to  it :  it  resists  alike  the  sud- 

■  ibfltraclion  of  heat  from  within  and  the  sudden  aeccs- 

n  of  it  from  without.    But  Nature  has  gone  further,  and 

Gluthcs  Iho  tree  witli  a  sheathing  of  worse^wndncting  ma- 

tarial  than  the  wood  itself,  even  in  its  worst  direction. 

I  following  are  the  deflections  obtained  by  submitting 
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a  numlwr  of  cubes  of  bark,  of  the  same  size  as  the  cnl 
of  wood,  to  the  same  conditions  of  expcriuiGnt: — 

DcOecUoD       CormpoDillDg  doBM! 
|.iwlac«ll>jrUie-« 
Beech-tree  B;itk  ....     7°  lO'H* 

0«k-tree  Bnrk       ....      7  ll'O 

Elm-tree  Bu-lc      ....     7  lis 

Pmc-tnic  Biut     ....     7  181) 

The  direction  of  transmission,  in  those  cases,  was  fn 
the  interior  surface  of  the  bark  outwards. 

The  average  deflection  produced  by  a  cube  of  wot 
when  tlie  flux  ia  lateral,  may  be  taken  at 

12"; 
a  cube  of  rock  crystal  {pore  silica),  of  the  same  size,  p 
duces  the  deflection  of 

Two  bodies  so  diverse,  whore  they  cover  any  consir 
able  portion  of  the  oartli's  snrfaco,  must  affect  tJie 
very  differently.  There  are  the  strongest  expcrimenl 
grounds  for  believing  that  rock-crystal  possesses  a  bigb 
conductive  power  than  some  of  the  motalB. 

The  following  numbers  express  the  tranamissivo  pow 
of  a  few  other  organic  Btnieturca :  cubes  of  the  subatanc 
were  examined  in  the  usual  maxmer ; — 

Titolii  of  Walrus 

TiiHk  ofEaBt-lnakn  Eli'iihant     , 


Sudden  changes  of  temperature  arc  prejmliciiil  to 
mal  and  vegetable  health  ;  the  eubstances  used  in  the  « 
BtTuction  of  organic  tissues  arc  exactly  such  as  arc  best 
culatod  to  resist  those  changi^s. 

Tim  following  results  further  illustrate  this  point. 
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,af  tlie  Bubetances  mentioned  was  reduced  to  the  cubical 
Dd  submitted  to  an  cxainiuatiou  sutiilar  in  evci-y 
to  tli;il  of  wood  and  quartz.  Wliile,  liowevi^r,  a 
of  tliG  latter  Bubstauce  producoa  a  dcflcctiou  of  00°,  a 
eobeof 


Gloe      .       .       . 
Culc&pcTcba  . 

ladu-rubbor   . 
mbcrt-kcnii'l 
Almond -iLcmcl 
BoItFd  ham-mii«c1c . 
Baw  reil-musclc 


TlbB  eubstances  hero  named  are  animd  and  vegetable 

poductions ;  and  the  espcriments  demonstrato  the  extreme 

iD^Mimoneness  of  every  one  of  them.     Starting  from  the 

pinciple  that  sudden  acccBsiouB  or  deprivations  of  heat  are 

IRJndicUl  to  animal  and  vegotablo  hcollh,  we  bug  that  the 

interials  chosen  are  precosely  those  wliidi  arc  beat  calcu- 

to  avert  such  changes. 

I  wish  now  to  direct  your  attention  to  what  may.  at 

t  right,  appear  to  you  a  paradoxical  cxpeiiment.    Hero 

a  eliort  prism  of  biBmuth,  and  hero  another  of  iron,  of 

aame  dzo.    I  coat  the  ends  of  both  prisms  with  white 

and  then  place  them,  with  their  coated  surfaces  up- 

tls,  on  the  lid  of  thin  vessel,  which  contalnH  hot  water. 

motion  of  heat  will  propayalo  itself  through  the 

priniw,  imd  you  are  to  observe  the  melting  of  the  w.-ut.     It 

balready  beginning  to  jield,  but  on  which  ?    On  the  bi^- 

llh.     And  now  the  white  has  entirely  disappeared  from 

3  bismuth,  Uio  wax  overspreads  it  in  a  transparent  li<niid 

'er,  whilo  tlio  wax  on  the  iron  i»  not  yet  melted.    How 

lliia  result  to  bo  reconciled  witli  tho  fact  stated  in  our 
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taWo  (page  224),  that,  Ihe  conduction  of  iron  temg  12, 
conduction  of  bismutli  ia  only  2  ?  In  tliis  experiment  tli€5 
biainiith  seems  to  be  the  best  concliicttsr.  We  solve  I 
enigma  by  tumuig  to  our  tabid  of  sjiocific  beat  (L 
V.) ;  we  tbere  find  that,  the  specific  heat  of  iron  bei 
11J8,  that  of  bismuth  is  only  308  ;  to  niisc  it,  therefore, 
ciTt:un  number  of  degrees  in  tcin])CTatare,  iron  requir 
more  than  tlireo  times  the  absohite  qiinntity  of  beat  i 
([iiired  by  bifimuth.  Thus,  though  the  iron  is  really  a  mm 
belter  conductor  than  the  bismuth,  and  is  at  this  momei 
accepting,  in  every  unit  of  time,  a  much  greater  Bmoonl 
of  heat  thrm  the  bismuth,  still,  is  consequence  of  the  Dm 
ber  of  its  atoms,  or  the  miignitude  of  its  interior  work,  tl 
augmentation  of  ti/mperature,  in  the  case  of  iron,  ts  aloiR 
Bismuth,  on  the  contrary,  can  immediately  devote  a 
proportion  of  the  heat  imparted  to  it  to  the  augmentatie 
of  temperature  ;  and  thus  it  apparently  outstrips  the  iron  : 
the  ti'ansmission  of  that  motion  to  which  temperatnro ' 
due. 

Ton  sec  Iiero  very  plainly  the  iDCorrecliiG3B  of  ti 
statements  nomctimes  made  in  books,  and  certainly  mai 
very  frequently  by  candidates  in  our  science  examinatioi 
regarding  the  experiment  of  Ingeuliansz,  to  which  I  hai 
ali'eady  referred.  It  is  usually  stated,  that  the  greater  i 
qitirkneaa  with  which  the  wax  melts,  the  better  ia  the  c 
ductor.  If  the  bad  conductor  and  tlie  good  conductor  hsi 
the  same  apocifio  heat,  this  ia  true,  but  in  other  cases,  i 
proved  by  our  last  esperimenl,  it  may  bo  eiilirely  incori-eo 
Tlic  proper  way  of  proceeding,  as  already  indicated,  ' 
wait  until  both  the  iron  and  the  bismuth  have  attained^ 
constant  temperature — till  each  of  them,  in  fact,  has  a 
cepted,  and  is  transmitting,  all  the  motion  which  it  can  | 
cept,  or  transmit,  from  the  source  of  heat ;  when  this 
done,  it  is  found  that  tlie  quuulity  tranvmitlcd  by  the  irfl 
is  six  times  greater  than  tliat  tiimsmittcd  by  the  bisumC 


INFLUENCK  OF   SPECIFIC   HEiT. 


349 


Ton  remember  our  experiments  with  tlie  Tri^elyan  instru- 
meat,  aail  know  the  utility  of  bnviug  a  highly  eicpanslblo 
bivly  as  the  Iicarer  of  the  rocker.  ix!»d  is  good,  because 
It  is  thus  expansiLlo.  But  the  coelficieat  of  exponeiou  of 
dnc  is  sligbtly  higher  thun  that  of  lead ;  still  ziqc  does  not 
answer  well  as  a  block.  'Hie  reason  is,  the  specific  heat  of 
anc  is  more  than  three  limes  that  oi'  lead,  so  that  the  heat 
eommonicatcd  to  the  zinc  by  tho  contact  of  the  rocker, 
prodnccB  only  about  one-third  tho  augmentation  of  tem- 
[icratQr«,  and  a  correspondingly  email  amount  of  local  ex- 
pulsion. 

These  considerations  also  show  that  in  our  experiments 

DO  wood  the  quantity  of  heat  transmitted  by  our  cube  in 

one  minate's  time,  cannot,  in  strictness,  be  regarded  as  the 

eipresflion  of  the  conductivity  of  the  wood,  unless  tho 

^Keltic  heat  of  the  various  woods  be  the  same.    On  this 

point  no  csporimcnts  have  been  made.    But  as  regards  tho 

I   of  molecohir  structure,   the    experiments    hold 

1,  for  hero  we  compare  one  direction  with  another,  in 

«  eitbe.    With  respect  to  organic  structures,  I  may 

Pthat,  even  allowing  them  time  to  accept  all  the  motion 

h  they  arc  capable  of  accepting,  from  a  source  of  heat, 

r  power  of  transmitliog  that  motion  is  exceedingly 

They  are  really  bad  conductors, 

Btt  is  the  imperfect  conduct ibility  of  woollen  textures 

1  renders  them  so  eminently  fit  for  clothing.    They 

kervc  tho  body  from  sudden  accessions  or  losses  of  heat. 

e  quality  of  non-conductibillty  manifests  itself  when 

■^■f  wrap  flannel  romid  a  block  of  ice.    The  ice  thus  prc- 

1  rvcd  is  not  easily  melted.    In  the  ease  of  a  human  body 

:i  :»  cold  day,  the  woollen  clothmg  prevents  the  transmis- 

!  'Ti  of  motion  from  within  outwards ;  in  tho  case  of  tho 

;  I-  iin  a  warm  day,  tho  sclf-samo  fabric  preienls  tlio  tmns- 

iiiissiou  of  motion  from  without  inwards.    Animals  which 

t  cold  dimMcs  are  furnished  by  Katuro  with  tlieir 
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necessary  clothing.  Birda  especially  need  this  pratecti< 
for  they  are  still  more  warm -blooded  than  the  mammalii 
They  are  furnished  with.  fi?athors,  and  between  the  featlii!ii 
the  interstices  are  filled  with  down,  the  molecular  oonsti 
tution  and  mechanical  terture  of  which  render  it,  perhjp^ 
the  worst  of  all  condnctors.  Here  we  have  another 
pie  of  that  harmonious  relation  of  life  to  the  condiliona  of 
life,  whicli  is  incessantly  presented  to  the  stadent  of  nrf 
ural  science. 

The  indcfatigahle  Rumford  made  an  elaborate  series 
of  cx]iertnient8on  ttie  conductivity  of  the  substances  medii 
clothing.*  TTjn  method  was  this  : — A  mercurial  tbenmna- 
eter  was  suspended  in  the  axis  of  a  cylindrical  glaes 
ending  with  a  globe,  in  such  a  manner  that  the  centre  of 
the  bulb  of  the  thermometer  occupied  the  centre  of  tlie 
globe  ;  the  space  between  the  internal  Burface  of  the  g^bi 
and  the  bulb  was  filled  with  the  substance  whose  eonduet. 
ive  power  was  to  be  determined ;  the  instrument  was  tlien 
heated  in  boiling  water,  and  afterwards,  being  plunged  into 
a  freezing  mijture  of  pounded  ice  and  salt,  the  timM  of 
cooling  down  135°  Fahr,  were  noted.  They  are  rcaafdd 
in  the  following  table ; — 


I 


Twisted  flilk 

917 

Fine  lint     . 

losa 

Catton  wool 

1M6 

Bhpep's  wool 

1118 

Taffelj 

I1G9 

Kawailk     . 

1264 

Beavera'  fur 

12B8 

EiJcr  down 

130H 

Hares'  fur  . 

1812 

Woodaahca 

927 

CiiBpcoal     , 

037 

1117 

•  PbU.  Tru 

I1S.1 

92,  J 
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Among  tho  anbitaDces  Itcro  examined,  bares'  fur  oSbrcd 
Okfi  greatest  impediment  to  the  tranBrniBsion  of  tlie  beat, 

The  transmission  of  bent  is  powerfully  inflneticed  by 
ttn  mt'cbanical  state  of  tlic  body  through  iihich  it  passes. 
Tbv  raw  and  twisted  silk  of  Ruraford's  table  illustrate 
tlus.  Pure  silica,  iu  the  state  of  hard  rock-crystal,  is  a 
:r  conductor  than  bismuth  or  lead ;  but  if  tlie  crystal 
bo  rcdaood  to  powder,  the  propagation  of  heat  through 
that  powder  is  exceedingly  slow.  Through  transparent 
rack^alt  heat  is  copiously  conducted,  through  common 
ta^lMatt  very  feebly.  I  havo  hero  some  asbestos,  wliich 
mposed  of  ccrtiun  silicates  in  a  fibrous  condition ;  I 
plMC  it  on  my  band,  and  on  it  I  place  a  red-hot  iron  ball ; 
JDQ  leo  I  can  support  the  ball  without  inconvenience.  Tho 
ubratos  intercepts  the  heat.  That  tliis  division  of  the  Bub- 
(tmoc  should  interfere  with  the  transmisaion  might  reason* 
»bly  bo  inferred ;  for,  heat  being  motion,  anything  which 
&twb9  the  continuity  of  the  moleeidar  chain,  along  which 
tbe  motion  is  conveyed,  must  affect  the  transnussion.  In 
cue  of  the  asbestos  the  fibres  of  tho  silicates  are  sepa- 
rated from  each  other  by  spaces  of  air ;  to  propagate  itself, 
tircrefore,  the  motion  has  to  pass  from  the  siHcate  to  the 
tit,  a  very  light  body,  and  again  from  the  air  to  tho  sili- 
,  a  comparatively  heavy  body ;  and  it  is  easy  to  see 
thst  the  transmission  of  motion  through  this  composite  tes- 
Iwc  must  be  very  imperfect.  In  the  case  of  an  animal's 
ftr,  this  is  more  especially  tho  case ;  for  here  not  only  do 
Qnces  of  alv  intervene  between  tho  hairs,  but  the  hairs 
themiielvcs,  unbke  tho  fibi-ea  of  the  asbestos,  are  very  bad 
Mnductors.  Lava  has  been  known  to  flow  over  a  layer  of 
9  underneath  which  was  a  bed  of  ice,  and  the  non^mn- 
dactivity  of  tho  ashes  has  saved  tho  ico  from  fusion.  Ked- 
bot  oauDon-balls  may  bo  wheeled  to  the  gun's  month  in 
wooden  barrows  partially  filled  with  sand.  Ice  is  packed 
in  sawdust  to  prevent  it  from  melting ;  powdered  cbarconl 
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ia  ttUo  an  eminently  bail  conductor.    But  there  s 
where  sawdust,  chofl^  or  cli.ircoal  could  not  Ira  ust'd  ^ 
eatbty,  oa  account  of  their  combustible  nature.     In  euo 
cases,  powdered  gjpaiim  may  be  used  with  advantage  ;  i 
tlii3  sohd  crystalline  state  it  is  iucomp^rably  a  worse  ooi 
ductor  than  silica,  and  it  may  bo  safely  inferred,  that  i 
the  powdered  state  its  Impei'vioasncBS  far  IransceDda  tJ 
of  sand,  each  grnin  of  which  ia  a  good  conductor,    j 
jacket  of  gypsum  powder  round  a  steam  boOer  would  mi 
torially  lessen  its  loss  of  heat. 

Water  usually  holds  certain  minerals  in  solution.  ] 
percolating  through  the  earth,  it  dissolves  more  or  IcM  Q 
the  substances  with  which  it  comes  into  contact.  Pi 
example,  in  ctialk  districts  the  water  alwaya  contains 
quantity  of  carbonate  of  lime  ;  such  water  ia  called  i 
waler.  Sulphate  of  lime  .is  aUo  a  common  ingredient  <] 
water.  In  evaporating,  the  water  is  only  driven  off,  tho  mS 
eral  ia  leil  beliind,  and  often  in  quantities  too  great  to  \ 
held  in  solution  by  the  water-  Many  springs  are  strong 
impregnated  by  carbonate  of  lime,  .ind  the  consequenoQ  1 
that  when  the  watera  of  such  springs  reach  the  sorfnce  a 
are  exposed  to  the  air,  -where  they  can  partially  evnpamt 
the  minenil  ia  precipitated,  and  forms  incnistations  on  tJ 
surfaces  of  plants  and  stones  over  which  the  water  trickle 
In  the  boiling  of  water  tlie  siimo  occurs  ;  the  minerals  a 
precipitated,  and  there  is  scarcely  a  kettle  in  London  whi< 
ia  not  internally  coated  with  a  mineral  incvnstation.  Th 
is  an  GKtremely  serious  difficulty  as  regards  steam  boilers' 
the  crust  is  a  bad  conductor,  and  it  may  become  so  thick  ] 
materially  to  intercept  the  passage  of  heat  to  the  water. 
have  here  an  example  of  this  mischief.  This  ia  a  portit 
of  ft  boiler  belonging  to  a  steamer,  which  was  all  but  loi 
through  the  exhaustion  of  her  coals :  to  bring  this  vesi 
into  port  her  spars  and  every  piece  of  available  wood  wa 
buniu    On  examination  this  fonuidablo  iucrustutioa  vrt 
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foUGil  witliin  tlie  boiler :  it  is  mainly  carbonate  of  lime, 
wliitb  by  its  non-eouduoliiig  power  rendered  ii  prodigal  ex- 
{lemliluru  t)C  fuel  ncccfisary  to  generate  the  required  qiian- 
lil)'  of  stL-aiu.  Doubtless  the  bIowucss  of  many  kettles  in 
boiliug  would  bo  found  due  to  a  simiLu'  cause. 

I  wisli  now  to  bring  before  you  one  or  two  instances  of 
the  action  of  good  conductors  in  preventing  the  local  ac- 
cumulation of  heat.    I  Lave  here  two  spheres  of  the  same 
size,  bulh  covered  closely  with  white  paper.     One  of  them 
i  copper,  the  other  b  wood.     I  place  a  spirit  lamp  under- 
h  each  of  them,  and  after  a  time  we  will  observe  the 
The  motion  of  heat  is,  of  course,  communicating  it- 
0  each  ball,  but  in  one  it  ia  quickly  conducted  away 
a  the  place  of  contact  with  the  flame,  through  the  entire 
i»  of  tJio  ball ;  in  the  other  this  qnick  condaction  does 
t  take  place,  the  motion  therefore  accumolatcs  at  the 
int  whefo  tlio  flame  plays  upon  the  ball ;  and  here  you 
c  the  reanlt.    I  turn  up  the  wooden  ball,  the  white  pa- 
9  is  quite  charred ;  I  turn  up  the  other  ball, — so  far  from 
Bug  charred,  it  is  wet  at  its  under  surface  by  the  condensa- 
n  of  the  aqueoos  vapour  generated  by  the  lamp.    Hero 
^  cylinder  covered  closely  with  paper ;  1  hold  its  centre 
S  over  the  lamp,  turning  it  so  that  the  flame  shall  play 
md  the  cylinder :  you  see  a  well-defined  black  mark, 
a  side  of  which  the  paper  is  charred,  on  the  other 
ot.     The  cylinder  is  half  hraaa  and  half  wood,  and 
I  binek  mark  shows  their  lino  of  junction :  where  the 
ers  the  wood,  it  is  charred ;  where  it  covers  the 
1,  it  is  not  sensibly  aflTcoted. 

F  the  entire  moving  force  of  a  common  rifle  bnllet 
e  communicated  to  a  heavy  cannon-ball,  it  would  pro- 
)  in  tlie  latter  a  very  small  amount  of  motion.  Sup- 
ing  the  rifle  bullet  to  neigh  two  oimces,  and  to  Iiave  a 
y  of  1,600  feet  a  second,  the  moving  foiro  of  this 
it  coftimnnicated  to  a  100  lb.  cannon-bull  would  impart 
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to  tho  latter  a  velocity  of  only  32  led  a  second.    Tbi 
with  regard  to  a  iioniG ;  its  molucular  motioQ  is  Ycry 
tense,  but  its  weight  is  extremdy  small,  and  if 
cated  to  a  heavy  body,  the  int«UBity  of  the  motloa  ina 
fall.   For  example,  I  have  here  a  sheet  of  wire  g.iaze,  wil 
meshes  wide  enough  to  allow  air  to  pass  through  theni 
with  the  utmost  freedom ;  and  hero  is  a  jet  of  gas  burning 
brilliantly.    I  bring  down  the  wire  gauze  upon  the  flame: 
you  would  imagine  that  the  flamo   could   readily  pat 
through  the  meshes  of  the  gauze ;  bat  no,  not  a  flioker  gel 
through  (fig.  69).    The  combustion  ia  entirely  confined  t 
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the  Epaco  under  tiie  gauze.  I  extinguiiih  the  flame,  and  a 
low  tho  unignited  gas  to  siioam  from  the  burner.  I  plac 
the  wiro  gauze  thus  above  the  burner :  tho  gas,  I  know,  J 
now  freely  passing  through  tho  meshes.  I  ignite  the  gi 
above ;  there  you  have  tho  flatnc,  but  it  does  not  propagat 
itself  downwards  to  the  biimcr  {6g.  70).  Von  see  a  dar 
epooc  of  four  inches  between  the  burner  and  the  gauze,  a 
space  filled  with  gas  in  a  condition  eminently  favourable  to 
ignition,  but  stiil  it  doea  not  ignite.  Thus,  you  see,  this 
metallic  gauM,  which  allows  the  gas  to  pass  freely  through, 
intercepts  the  flame.  And  why  ?  A  ccrl^n  heat  ia  neces 
Kary  to  cause  the  gas  to  ignite ;  but  by  placing  the  win 
gauze  over  the  flame, or  the  flame  over  the  wire  gauze,  yoi 
transfer  the  motion  of  that  light  niid  quivering  thing  ti 
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a  eomparatircl}-  heavy  gaozc.  Tlie  intensity  of  the  molo- 
caht  motion  ia  greatly  lowered  by  Leing  commimicalud 
to  so  great  a  maaa  of  matter — so  niuoh  lowert.-d,  indccil, 
'  it  it  is  incompetent  to  propagate  tlie  comboslion  to  t!io 

oaite  eide  of  tlie  gauze. 
f  We  are  all,  unliappUy,  too  well  acquainted  with  the  ter- 
"le  accidents  that  occur  through  explosions  in  coal  mines, 
n  kaov  that  the  cause  of  these  exploaions  in  the  prcgcucc 
f  a  certain  gas — a  compooud  of  carbon  and  hydrogen — 
oarated  in  the  coal  strata.  When  this  gas  ia  mixed  with 
a  sufficient  quantity  of  air,  it  explodes  on  ignition,  tho  car- 
bon of  the  gas  uniting  with  the  oxygen  of  tho  air,  to  pro- 
^^  dnco  carbonic  acid ;  the  hydrogen  of  the  gas  uniting  M*ith 
^^|be  ot^en  of  the  ^  to  produce  water.  By  tho  flame  of 
^Hftc explosion  the  minora  are  burnt;  but  even  Ehonld  this 
^B  001  destroy  life,  they  are  often  sufibcated  afterwards  by 
'  tlie  carbonic  acid  produced.  The  original  gas  is  tho  miner's 
*fin^damp,'  the  carbonic  acid  is  hia  'choke-damp.'     Sir 

I  Humphry  Davy,  after  having  assured  himself  of  the  action 
K  wire  gauze,  which  I  have  just  exhibited  before  you,  ap- 
Bed  it  to  tlie  construction  of  a  lamp  which  should  enable 
Ib  miner  to  carry  liis  light  into  an  explosive  atmosphere, 
■erions  to  the  introduction  of  the  sa/ety-liimp,  the  miner 
Id  lo  content  himself  with  tho  light  from  sparks  pro- 
fced  by  the  collision  of  flint  and  steel,  for  it  was  found 
Ewt  these  sparks  were  incompetent  to  ignite  the  fire- 
damp. 

Davy  surrounded  a  common  oil  lamp  by  a  cylinder  of 
wire  gaitxe  (fig.  71).  As  long  as  this  huup  is  fed  by  pure 
air,  the  flame  bums  with  tho  ordinary  brightness  of  an  oil- 
flame  ;  hut  when  the  miner  cornea  into  an  atmosphere  which 
contains  *  flrc-damp,*  his  flame  enlarges,  and  becomes  Ichs 
I  jmmouii ;  instead  of  being  fed  by  the  pure  oxygen  of  the 
air,  it  is  now  in  part  surrounded  by  inflaraniablo  gns.  This 
I  onght  lo  take  as  a  warning  lo  retire.     Still,  though  a 
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contintioiis  exploBive  atmosphere  may  extend  from  the  tit 
ontBidc,  through  the  mcsbcs  of  the  gauze,  to  the  flame 
within,  tho  ignition   ia  nol  propagated 
acrosa  the  gauze.    The  lamp  may  be  filled  J 
with  aa  almost  ligbtless  flame,  aad  Btil~ 
cxpIoBion  does  not  occur.    A  defect  i 
the  gauze,  the  destruction  of  tlie  wire  at  J 
any  pomt  \iy  oxidation,  hastened  by  ths'l 
tlome  playing  against  it,  would  cam 
explosion.      The    motion    of   the 
through  the  air  might  aleo  force,  mec 
ically,  the  flame  through  the  meshes. 
fihort,  a  certain    amount   of  intelligence 
and   caution    is  necessary   in    using  thttfl 
lamp.     The  intelligence,  imhappily,  is  nol 
always  possessed,  nor  the  caution  alwayi 
exorcised,  hy  the  miner ;  and  the  coii9»il 
qnence  is,  that  even  with  the  safety-lamp, 
explosions  still  occur.    Before  permitting  ■ 
a  man  or  a  boy  to  enter  a  mine,  woidd  it 
not  he  well  to  place  these  results,  by  ex- 
periment, visibly  before  him  ?    Mere  ad- 
vice vriQ  not  enforce  ciution  ;  but  let  the  miner  have  H 
physical  image  of  what  ho  is  to  expect,  dearly  and  vividl^ 
before  his  mind,  and  bo  wiU  find  it  ft  resti-daing  sod  t 
monitory  influence,  long  after  the  eSect  of  cantdtn  ~ 
Korde  has  passed  away. 

A  word  or  two  now  on  the  conductivity  of  liquids  ftndQ 
gases.  Itumford  made  numorons  experiments  on  this  Bobi 
ject,  showing  at  once  deamcss  of  conception  and  akUl  otm 
execution.  lie  supposed  liquids  to  bo  non-condncton 
clearly  distinguishing  the  '  transport '  of  heat  by  o 
lion  from  true  conduction ;  and  in  order  to  prevent  ooDvec 
tjon  in  bis  liquids,  he  heated  them  at  the  top.  In  this  wail 
he  foimd  the  heat  of  a  warm  iron  cylinder  incompetent  t< 
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pass  dovnwards  throagb  0*2  of  an  inch  of  olive  oil ;  he  also 
boiled  water  in  a  glass  tube,  over  ico,  withont  melting  tie 
BubfitoDCG.  The  later  experiments  of  M.  Despretz  show, 
however,  that  liquids  possess  true,  though  extremely  feeble, 
powers  of  conduction.  Riunford  alao  denied  the  conductiv- 
-ity  of  gasea,  though  he  was  well  acquainted  with  their  con- 
fvection,*  The  subject  of  gaseous  conduction  has  been  re- 
tently  taken  up  by  Professor  Magnus,  of  Berlin,  who  con- 
inders  that  his  experiments  prove  that  hydrogen  gas  cou- 
hicts  beat  like  a  metal. 

The  cooling  action  of  air  may  be  thus  prettily  illustrat- 

l^d — here  is  ft  platinum  wire,  formed  into  a  coil ;  I  si'nd  a 

liroltaic  ourrent  through  the  coil,  till  it  glows  bright  red.    I 

T  ftretch  out  the  coil  so  as  to  form  a  straight  wire ;  the 

^ow  instantly  siuks — yoa  can  now  hardly  sec  it.   This  effect 

g  duo  enliiely  to  the  freer  access  of  the  cold  air  to  the 

itTCtched  wire.    Here,  agam,  is  a  receiver  b  (fig.  72)  which 

D  be  exhausted  at  pk':Lsui^ ;  attached  to  the  bottom  is  a 

Cortical  metal  rod,  m  n,  and  through  the  top  another  rod, 

B  b,  passe-i,  which  can  be  moved  up  and  down  through  an 

hir-tJgbt  collar,  bo  as  to  brbg  the  ends  of  the  two  rods 

rithin  any  required  distance  of  each  other.    At  present 

)  toda  are  united  by  two  inches  of  platinum  wire,  &  m, 

brhicb  I  can  beat  to  any  required  degree  of  intensity  by  a 

fAnae  current.    I  have  here  a  small  battery,  and  now  I 

ike  my  connectious ;  the  wire  is  barely  luminous  enough 

>  be  Been ;  in  fact,  the  current  from  a  single  cell  only  ia 

'tmv  seal  through  it.    It  is  surrounded  by  air,  which,  no 

doabt,  Is  carrying  off  a  portion  of  its  heat.    I  exhaust 

the  receiver — the  wire  glows  more  brightly  than  beibre. 

allow   air   to   enter — the   wire,   for   a   time,  is   quite 

[ncncbed,  rendered  perfectly  black ;  but  after  the  air  has 

jed  to  enter,  its  first  feeble  glow  ia  restored.    The  cur- 
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rent  of  air  here  passing  over  tho  trire,  and  destroying  ii 

glow,  aelfl  like  the  current  which  the  wire  itself  estftbUshei 

by  heatiug  the  air  in   contact   with  il 

Fi^.  7!!.  tpjjg  cooling  of  the  wire  in  both  cases  i 

due  to  convcctiou  and  not  to  troe  coi 

d  action. 

The  Bame  effect  is  obt^ed  in  a  great 
ly  increased  degree,  if  hydrogen  be  u 
instead  of  air.  Wo  owe  this  intcrcstin] 
observation  to  Mr.  Grove,  and  it  forma 
the  starting-point  of  M.  Magnus's  invest 
gntion.  Tho  receiver  is  now  exhausted 
nud  the  wire  is  ohnost  white-hot. 
cannot  do  more  than  reduce  that  wliite 
neaa  to  bright  redness ;  but  observe  wha 
.  hydrogen  can  do.  On  the  entrance  < 
this  gas  the  wire  is  totally  quenched,  u 
even  after  tho  rccwver  has  been  fille 
with  the  gas,  and  the  inward  current  hi 
ceased,  the  glow  of  tlio  wir«  is  not  n 
stored.  Tlie  electric  cnrreiit  now  paseio 
through  the  wire  is  fi-om  two  cells ;  I  ti 
three  cells,  the  wire  glows  feebly ;  five  cause  it  to  gloi 
more  brightly,  but  even  with  five  it  is  but  a  bright  rei 
Were  the  hydrogen  not  there,  tho  current  now  passLD] 
through  tho  wire  would  infallibly  fuse  it.  Let  us  se 
whether  this  is  not  the  case.  I  couimoneo  exhaustion, — thi 
first  few  strokes  of  the  pump  produce  a  scarcely  eensiblf 
effect;  but  I  continue  to  work  the  pomp,  and  now  th 
effect  begins  to  be  visible.  The  wire  whitens  and  appeal 
to  thicken.  To  tliosc  at  a  distance  it  is  now  as  thick  as  i 
goose-quiil ;  and  now  it  glows  upon  liie  point  of  fusion ; 
continue  to  work  tho  pump,  thu  light  suddenly  vanisbel 
the  n-ire  is  fused. 

This  extraordinary  cooling  power  of  hydrogen  has  b 
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aacribed  to  the  mobility  of  lis  particles,  whicli  ena- 
Ucs  coTtCDts  to  establisL  themaelves  in  this  gas  witb  greiit^ 
fadlit;  than  in  any  other.  But  Prof.  Magnus  conceives 
fte  chilling  of  tlie  wire  to  be  an  effect  of  conduction.  To 
ipede,  if  not  prevent,  the  formation  of  currents,  he  passes 
biB  platinuiQ  wire  along  the  axis  of  a  natrow  glass  tube, 
irhich  he  tills  with  hydrogen.  Although  in  this  case  the 
irire  b  Borroonded  by  a  mere  fihu  of  the  gas,  and  cnnente, 
the  ordinary  sense,  are  scarcely  to  be  assumed,  the  film 
ibowa  itself  Just  as  competent  to  quench  the  wire,  as  when 
file  latter  is  caused  to  pass  through  a  large  vessel  contain- 
n^  the  gas.  He  also  heated  the  closed  top  of  a  vessel,  and 
fonnd  that  the  heat  was  conveyed  more  quickly  from  it  to 
a  lltermometer,  placed  at  some  distance  below  the  source 
*>{  heat,  when  the  vessel  was  filled  irith  hydrogen,  than 
when  it  was  filled  with  lur.  He  found  this  to  be  the  case, 
tvrai  when  the  vessel  was  loosely  filled  with  cotton  wool  or 
wder  down.  Here,  he  contends,  currents  eould  not  be 
femed ;  the  heat  must  be  conveyed  to  the  thermometer  by 
IliC  true  process  of  conduction,  and  not  by  convection. 

Beautiful  and  ingenious  as  these  experiments  are,  I  do 
Hot  think  they  conclusively  establish  the  conductivity  of 
V^etn.     Let  us  suppose  the  wire  in  Prof.  Magnus's  first 
experiment  to  be  stretched  along  the  axis  of  a  wide  cylin- 
der containing  hydrogen,  we  should  have  convection,  in  the 
Ordinary  sense,  on  heating  the  wire.    Whore  does  the  heat 
a  dispersed  ultimately  go  ?  It  is  manifestly  given  up  to 
»i(lo»  of  tho  cyluider,  and  if  we  narrow  our  cylinder  we 
^ply  hasten  tlie  transfer.    The  process  of  naiTowiug  may 
nttnuo  till  a  narrow  tube  ia  the  result, — the  convection 
itween  centre  and  sides  will  continue  and  produce  the 
le  (KMliug  effect  as  before.    Tlic  heat  of  the  gas  being 
Illy  lowered  by  communication  to  the  heavy  tube,  it 
prepared  to  re-abstract  the  heat  from  tlie  ■wire.    With 
'  also  to  llic  vessel  heated  at  tho  top,  it  would  require 
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s  snrface  mathematicaUy  horizontal,  and  a  perfoclly  nn!i 
applicatiun  of  beat  to  that  fiurl'ocG — ^it  would,  moreorei 
necessary  to  cut  the  lieat  sharply  oS  from  the  Rides  a 
vessel — to  prevent  convection.  Even  in  the  intcrxtii 
the  eider  down  and  of  the  cotton  wool  the  convectivsi 
bility  of  hydrogen  will  moke  itself  felt,  and  taking  t 
thing  into  account,  I  think  the  experimental  questii 
gaseous  conduction  is  still  an  open  one.* 

*  In  mj  opinion,  ttie  qucstJUD  oC  liquid  ccnduclioD  aJao  dcmai 
that  invosligation. 
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TTTX  bave  tiua  day  reached  the  houndary  of  one  of  tlie 
VV  two  great  divisions  of  onr  eabject;  hitherto  wo 
Wo  dealt  with  hoat  while  associated  with  solid,  liquid,  or 
giwooTU  bodies.  We  have  found  it  competent  to  prodnce 
flanges  of  volume  in  all  these  bodies.  We  have  also  ob- 
wrved  it  reducing  solids  to  liquids,  and  liquids  to  vapours ; 
*e  have  eeen  it  transmitted  through  solids  by  the  process 
of  conduclioQ,  and  distribnling  itself  through  liquids  and 
Smm  by  the  procesa  of  convection.  We  have  now  to  fol- 
low it  into  conditions  of  cxistoDce,  differfot  from  any 
*hieh  we  have  examined  hitherto. 

I  hang  l.lus  hented  copper  hall  in  the  air ;  you  see  it 
glow,  the  glow  sinks,  the  ball  becomes  obsciure ;  in  popidar 
language  th«  ball  cools.  Bearing  in  mind  what  has  boon 
»aid  on  the  nature  of  hent,  we  must  regard  this  cooluig  aa 
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a  loBB  of  motion  on  the  part  of  the  ball.  Bat  motion  can- 
not be  lost  'williout  being  imparted  to  Eoinc-thing ;  to  what 
then  IB  the  molecular  molion  of  this  ball  tranaforrfd? 
You  would,  perhaps,  answer  to  the  air,  and  this  is  parti/ 
true :  over  the  ball  air  is  passing,  and  rising  ia  a  Seated 
column,  which  is  quite  visible  against  the  screen,  when  wo 
allow  the  electric  beam  to  pass  through  the  warmed  sir. 
But  not  the  whole,  nor  even  the  chief  part,  of  the  molecn- 
lar  motion  of  the  ball  is  lost  in  this  way.  If  the  ball  were 
pkccd  in  vacuo  it  would  still  cool.  Ilumfonl,  of  whom  we 
have  heard  bo  much,  contrived  to  hang  a  small  Uicnaom- 
cter,  hi/  a  aingleJUtrc  of  silk,  in  the  middle  of  a  glaaa  ^obe 
exhausted  by  means  of  mercury,  and  he  fomid  that  the  wl- 
orifio  rays  passed  to  and  fro  across  the  vacuum ;  tbos  prov- 
ing that  the  transmission  of  the  heat  ivas  independent  of 
the  air.  Davy,  with  an  apparatus  which  I  have  here  be* 
fore  me,  showed  that  the  heat  rays  from  the  electric  light 
passed  freely  through  an  air-pump  \-acuum ;  and  wo 
repeat  his  experiment  substantially  for  ourselves,  I  nmplf; 
take  the  receiver  made  use  of  in  our  last  lecture  (fig,  72)| 
and  removing  the  remains  of  the  platinum  wire,  then  il 
stroyed,  I  att-ach  to  each  end  of  the  two  rods,  m  h  and  a  > 
a  bit  of  retort  carbon.  I  now  exhaust  the  receiver,  bring 
the  ooal  points  together,  and  send  3  current  from  point 
point.  The  moment  1  draw  the  points  a  little  apart,  t! 
electric  light  blazes  forth :  and  hero  I  have  the  thennoi 
electric  pile  ready  to  receive  a  portion  of  the  rays.  The 
galvanometer  needle  at  once  lliea  aside,  and  this  has  1 
accomplished  by  rays  whicli  have  crossed  the  vacuum. 

But  if  not  to  the  air,  to  what  is  the  motion  of  our  eo(d 
ing  ball  communicated?  "We  must  ascend  by  easy  stagoi 
to  the  answer  to  this  question.  It  was  a  very  conddGrtiblfl 
step  in  science  wlieu  men  first  obtained  a  clear  conception 
of  the  way  in  which  sound  is  transmitted  through  air,  ant 
it  was  a  very  imporbint  csiierimeiit  which  Ilaukshee  mads 
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bef(H«  the  Royal  Society  in  1705,  by  which  he  showed  that 
sound  could  not  propagate  itself  through  a  vacuum.  Now 
I  iriEh  to  make  manifeet  to  you  tliia  conveyance  of  tho  vi- 

IBtione  of  sound  through  tho  air.  I  have  here  ft  belt 
med  «p-side^^ow^l,  and  supported  by  a  stand.  I  draw  a 
Hle-bow  across  the  edge  of  the  bell,  you  hear  its  tone ; 
0  bell  is  now  vibrating,  and  if  I  throw  aand  upon  its  flatr 
tiab  bottom,  it  would  arrange  itself  there  bo  as  to  form  a 
definito  figure,  or  if  I  filled  it  with  water  I  should  see  tlie 
e  iietled  witli  the  most  beautiful  criapations,  Tliese 
ttioDS  would  show  that  the  bell,  when  it  emits  thia 
i,  divides  itself  into  four  swinging  parts,  which  are  sep- 
1  from  each  other  by  liues  of  no  swinging.  Here  is 
Aieet  of  ti'acing  paper,  drawn  tightly  over  this  hoop,  so 
k'to  form  a  kind  of  fi'agile  drran.  I  hold  it  over  the  vi- 
tting  bell,  but  not  bo  as  to  touch  the  latter ;  you  hear  the 
Ting  of  tho  membrane.  It  is  a  little  too  slack,  so  I 
1  tighten  it  by  warming  it  before  tho  fire,  and  repeat 
Ib  experiment.  Yon  no  longer  hear  a  shivering,  but  a  loud 
1  tono  superadded  to  that  of  the  bell.  I  raise  the 
mbrnnc  and  lower  it ;  I  move  it  to  and  fro,  and  you  hear 
B  rising  and  the  sinking  of  the  tone.  Here  is  a  smaller 
I,  which  I  pass  round  tho  bell,  holding  the  membrane 
tl ;  it  actually  bursts  into  a  roar  when  I  bring  it  wilJiin 
ti  inch  of  tho  belL  Tho  motion  of  the  bell,  communi- 
!  to  tho  air,  has  been  transmitted  by  it  to  the  mem- 
loe,  and  the  latter  is  thus  converted  into  a  sonorous 

I  I  have  here  two  plates  of  brass,  a  a  (fig,  73),  united  to- 
ther  by  this  metal  rod.  I  have  darkened  the  plates  by 
ing  tliem,  and  on  both  of  them  I  strew  a  quantity  of 
tnle  Band.  I  now  take  tho  connecting  Tirass  rod  by  its 
ntro,  between  the  linger  and  thumb  of  my  left  hand,  and 
H<ling  it  upright  I  draw,  with  my  right,  a  piece  of  flan- 
>ver  which  I  have  shaken  a  little  powdered  resin,  along 
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the  roJ.    Tou  hear  the  sound  ;  but  observe  the  behaviooi 
of  the  sand:    a   « 
Ntroke  of  my  finger 
see,  has    caaaed    it 
jump  into  a  series  ( 
coDceutric  rings,  whidi'V 
must  be  quite  visible  toV 
you  all.     I  repeat  the  4 
ex]»eriment       opera  tin 
more  gently;  you  hea 
the  clear,  weak,  mtisical'fl 
Foimd,  you  see  the  eand'l 
fihivering,  and  creeping^  V 
by  degrees,  to  the  llneSB 
which  it  formerly  occi^ 
pied ;  and  there  aro  t^ 
curves  aa  sharply  draw 
upon  the  surface  of  t 
lower  disk  as  if  thoyli 
been  arranged    ■witJi  i 
camel's  hair  penciL 
the  upper  disk  you  see  H 
scries  of  concentric  c 
clcs  of  the   some  I 
In   fact,  tiie  vibratii 
which  I  have 
to  the  rod  have  commw 
nicated    themselvea 
both  the  disks,  and  i 
vided  each  of  them  u 
a  series  of  vibrating  bi 
menbi,  which  are 
rated   from  each  i 
s  of  no  vibration,  on  which  the  sand  finds  peace. 
Now  let  me  ehow  you  the  transmission  of  these  vibra 
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tions  from  the  lover  disk  throngh  tbe  air.  On  llio  floor  I 
place  this  ptificr  dram,  d,  strewing  dark-coloured  Band  iini- 
fonnly  OTcr  it ;  I  might  stand  on  tlic  table — I  might  stand 
■s  Hgii  as  tlw  ocjiiug,  aud  produce  the  cSbct  vliich  I  am 
now  going  to  show  you.  Pointing  the  rod  which  unites 
my  platea  in  the  direction  of  the  paper  dram,  I  draw  my 
resined  mbbor  vigoroasly  over  the  rod ;  observe  the  effect, 
— *  nngle  stroke  has  caused  that  saud  to  Bpring  into  a,  reti- 
Golated  pattcm.  A  precisely  similar  effect  is  produced  by 
sound  on  the  drum  of  the  ear ;  the  tympanic  membrane  is 
caoead  to  shudder  in  the  same  manner  as  that  drum-head 
of  paper,  and  its  motion,  conveyed  to  the  auditory  nerves 
triiBsmitted  thence  to  the  brain,  awidtos  in  us  the  scn- 
of  sound. 

Here  is  a  bUU  more  striking  example  of  the  conveyance 
ftf  the  motion  of  sound  through  tlio  air.  By  permitting  a 
jet  of  gas  lo  issue  through  the  small  orifice  of  this  tube,  I 
obtain  a  slender  flame,  and  by  turamg  tho  cock  I  reduce 
tlie  flame  to  a  height  of  about  half  an  incli.  I  introduce 
tlic  flame  into  this  glass  tube,  a  b  (fig,  74),  wliieli  is  twelve 
inehes  long.  Now  I  must  ask  your  pemiiasion  to  address 
that  flarao,  and  if  I  am  skilful  enough  to  pitch  my  voice  to 
tho  precise  note,  I  am  sure  the  flarao  will  respond  ;  it  will 
«t3rt  Enddenly  into  a  melodious  song,  and  continue  singing 
as  long  as  tho  gas  continues  to  bum.  The  burner  is  now 
ammged  within  the  tube,  which  covers  it  to  a  depth  of  a 
coaple  of  inches.  If  I  were  to  lower  it  more,  the  flame 
would  start  into  singing  on  its  own  accoimt,  as  in  the  well- 

pwn  case  of  tho  hydrogen  harmonica;  but,  with  the 
int  arrangement,  it  cannot  eing  till  I  toll  it  to  do  so. 
lorf  I  omit  a  sound,  which  you  will  pardon  if  it  is  not 
mnsicat.  The  flame  does  not  respond ;  I  have  not  spoken 
to  it  in  tho  pro{>er  language.  Let  me  try  again ;  I  |jitcli 
my  voice  a  llttU"  higher ;  there,  tho  flame  alrctches  its  little 
it,  and  every  individual  iu  this  largo  audience  hears 
12 
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the  sound  of  it.    I  stop  tho  song,  and  staiid  at  A  f 
distance  from  the  flame,  and  now  that  I  have  a 

the   proper   j-itch,  the  i 
*  periment   is  i 

UA  ceed ;  from  a  distance  i 

twenty  or  thirty  feet  I  c 
cause  that  flame  to  a;   _ 
now  stop  it,  turn  my  l 
upon  it,  and  strike  the  n 
aa  before ;    jqu  boo 
obedient  it  is  to  my  v 
whpn  I  call,  it  answers,  u 
with  a  little  practice  I  have' 
heen  able  to  command  tlie 
flame  to  ^ing  and  to  stop, 
and  it  has  strictly  obeyed 
the  injonctiOD.    Uere,  thei 
we  have  a  strildiig  examplj 
of  Ihe  conveyance  of  1 
vibrations  of  the  organ  a 
voice  through  the  e 
of  their  communication  | 
^  a  boily  which  is  cminentB 
eensitive  to  their  action.*  j 
Why  do  I  make  tbet 
oxpcriincnts     on      sound  1 
Simply  to  givt 
conceptions  regarding  what  takes  place  in  the  case  of  hcati 
to  lead  yon  up  from  the  tan^hlo  to  the  intangible ;  froi 
the  region  of  sense  into  that  of  physical  theory. 

After  pliiloBophera  had  become  aware  of  tho  manner  i] 

"  Thoigli  not  belonniDg  lo  our  prcwnt  eubjecl,  so  ni&Dj  ppreonB  hfcvi 
evinced  lui  intcrcal  iu  IhiJ  eipcrunEuI  iLnt  I  hairo  been  iniluccd  lo  reprial 
too  short  papcn  in  the  Appendix  t<j  Ihia  Lcdurc,  in  wbjcb  Uic  e: 
i^  mora  fullj  described. 


OMity 


THEOKIEa   OF   EMISSION   AlTD   OHDULATION.  267 

viiich  eonnd  was  produced  and  transmitted,  analogy  lod 
some  of  them  to  suppose  that  light  might  be  produced  and 
trazismitted  in  a  soiueivhiLt  siimlar  manner.  Aufl  perhaps 
in  the  whole  history  of  science  there  was  never  a  question 
more  hotly  contested  than  this  one.  Sir  laanc  Newton  sup- 
posed light  to  consist  of  minute  fiarticles  darted  out  from. 
ImninoHS  bodies :  this  waa  the  celebrated  Emission  Theory. 
Haygheus,  the  contemporaiy  of  Newton,  found  great  diffi- 
flllty  in  conoeiviug  of  this  cannonade  of  particles ;  that 
ly  should  shoot  with  inconceivable  velocity  through  space 
not  disturb  each  other.  This  celebrated  man  cntcr- 
■d  the  view  that  light  was  produced  by  vibrations  sim- 
ilftr  to  those  of  sound.  Eoler  supported  Huyghens,  aud 
one  of  hia  arguments,  tJiough  not  quite  physical,  U  so 
quaint  and  curioits  that  I  will  repeat  it  here.  He  looks  at 
senses,  and  at  the  manner  hi  which  they  are 
id  by  external  objects.  '  With  regard  to  smelJ,'  he 
we  know  that  it  is  produced  by  material  particlcH 
issue  from  a  volatile  body.  In  the  case  of  hearing, 
g  is  detached  from  the  sounding  body,  and  in  the 
f  feeling  we  must  touch  the  body  itself.  The  dia- 
at  which  our  senses  [lerceivc  bodies  is,  iu  the  ease  of 
I,  no  distance,  in  the  case  of  smcU  a  snuill  distance,  in 
of  hearing,  a  couBtdcrablc  distance,  but  in  tho  case 
greatest  of  all.  It  is  therefore  more  probable  that 
mode  of  propagation  aubsists  for  sound  and  light, 
odours  and  light  should  be  propagated  iu  the 
ler ; — that  luminous  bodies  should  behave,  not  aa 
itilc  substances,  but  as  sounding  ones.' 

authority  of  Newlon  bore  these  men  doivn,  and 
onlil  a  man  of  genins  within  theee  walls  took  up  the 
yoot,  had  tho  Theory  of  Undulation  any  chiinco  of  co- 
ig  wiUi  tho  rival  Theory  of  Emission.  To.  Ur.  Thomas 
who  was  formerly  Professor  of  Nalurid  I'hilos- 
iby  in  ihis  Inatitutiou,  belongs  the  immortal  honour  of 
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stemming  this  tide  of  autbority,  and  of  Gstablishing  oal 
safe  basis,  the  tlieory  of  imdulation.  There  hare  bcea  g 
tliiriga  done  in  this  edilico,  bul  hurdlf  a  greater  ifaan  I 
And  Young  was  led  to  his  coueliiBion  regarding  light,  byl 
series  of  investigatiouB  on  souod.     He,  like  ourselves,  ^ 
tho  present  moment,  rose  frocn  the  kno'wii  to  the  uuknow! 
from  the  tangible  to  tho  intangible.    This  subject  haa  h 
illustrated  and  enriched  by  the  labours  of  genius  ever  b 
tho  timcjof  Young;  bat  one  name  only  will  I  Ler«  ■ 
ciato  with  bis, — a  name  which,  in  connection  with  this  st^ 
ject,  can  never  be  forgotten :  that  is,  the  name  of  Auj 
FrosncL 

According  to  the  notion  now  universally  roccived,  li 
consiats,  first,  of  a  vibrat^jry  motion  of  the  particles  of  l] 
luminons  body ;  bat  liow  is  this  motion  transmitted  to  4 
organs  of  sight  ?  Sound  baa  the  air  as  its  medium, : 
long  pondering  on  tbo  phenomena  of  light,  and  i 
and  conclusive  experiments,  deinsed  with  the  espross  int« 
tion  of  testing  the  idea,  have  led  philosophers  to  the  c 
elusion,  that  space  is  occupied  by  a  'subsfmce  almost  i 

fmitety  el.tBtic,  through  ■which  the  pulses  of  light  i      

their  way.  Here  yoor  conceptions  must  be  perfectly  dear. 
Tho  intellect  knows  no  difference  between  great  and  small : 
it  is  just  as  easy,  as  an  intellectual  act,  to  conceivo  of  ft  vl- 
brating  atom  as  to  conceive  of  a  ribrating  cannon-ball ; 
there  is  no  more  difficulty  in  conc«iWng  of  this  Ether,  ft^| 
is  called,  which  fills  space,  that  in  imagining  all  space  to  f 
filled  with  jelly.  You  most  imagine  the  atoms  vibratti 
and  their  vibratJona  you  must  figure  as  communicated  j 
the  ether  in  which  they  swing,  being  propagated  through! 
in  waves ;  these  waves  enter  the  pupil,  cross  the  ball  of  ^ 
eye.  and  break  npon  the  retina  at  tho  back  of  the  eye. 
net,  remember,  is  as  reiil,  imd  as  tndy  mecbanical  as 
breaking  of  the  sea  wavoa  upon  the  shore.  Tlieir  motid 
are  communioated  to  the  retina,  tranamitted  thence  aloi 
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optic  nerve  to  the  brain,  luid  tbere  announce  tbem- 
ea  to  congdoQEDCBs  aa  light. 

[  have  here  an  electric  lamp,  known  well  to  all  of  yon, 
on  the  screen  in  front  of  you  I  project  an  imago  of  tlie 
mdescent  coal  points  which  proiltice  the  electric  light, 
firrt  bring  the  points  together  and  then  Hcparate  them, 
TC  the  cdect.    You  have  firBt  the  place  of  contact  ren- 
Inminons,  then  you  see  the  glow  conducted  downwards 
ertain  distance  along  the  stem  of  coaL     This,  as  you 
know,  is  in  reality  the  conduction  of  motion.    I  interrupt 
tie  circuit.     The  points  continue  to  glow  for  a  short  time  ; 
tlio  light  is  now  subaidLng,     The  coal  points  are  now  quite 
k,  but  have  they  censed  to  radiate  ?    By  no  means.  At 
present  moment  there  is  a  copions  radiation  from  these 
Its,  which,  though  incomjiotent  to  affect  sensibly  the 
Derves  of  vision,  are  qnito  competent  to  affect  other  nerves 
of  the  human  system.     To  the  oye  of  the  philosopher  who 
looks  at  such  matters  withont  rel'erence  to  sensation,  these 
radiations  are  precisely  the  some  in  kind  as  those 
icb  produce  the  improfision  of  light.    Ton  must  there- 
figure  the  particles  of  the  heated  body  as  being  in  a 
of  motion;  you  must  figure  the  motion  comniunicated 
the  BuiTonnding  ether,  and  transmitted  through  the  ether 
a  velocity,  which  we  have  the  strongest  reason  for  be- 
ig  is  the  same  as  that  of  light.     Thus  when  yon  turn 
towards  a  fire  on  a  cold  day,  and  expose  your  chilled  Lands 
to  it«  influence,  the  warmth  that  yon  feel  is  due  to  the  im- 
of  these  ethereal  billows  upon  your  skin ;  they  throw 
nerves  into  motion,  imd  the  consciousness  correspond- 
to  thi«  motion  is  what  we  popularly  call  warmth.     Our 
during  the  lectures  which  remain  to  na  is  to  examine 
nnder  this  radiant  form- 
investigate  tiiia  subject  we  possess  our  valuable  ther- 
leotrio  pile,  the  face  of  which  is  now  coated  with  lamp- 
ik,  a  powortiJ  absorber  of  radiant  heat.     I  hold  the  in- 
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Btrnment  in  front  of  the  cheek  of  Mr.  Anderson ;  he  ts  a  rft>' 
diont  body,  nnd  observe  the  effect  prodaced  by  hu  nyt  $ 
the  pile  drinks  thein  in,  thoy  generate  electrioity,  and  tl 
needle  of  the  galvanometer  moves  np  to  90'.  I  nrithdran 
the  pile  from  the  source  of  heat,  and  allow  the  needle  t 
come  to  rest,  and  now  I  place  this  etab  of  ice  in  front  ol 
the  pile.  You  have  a  deflection  In  the  opposite  direction 
as  if  rays  of  cold  were  Btrikiog  on  the  pile.  But  yon  knos 
that  in  this  case  the  pile  is  the  hot  body ;  it  radiates  iti 
heat  against  the  ice ;  the  face  of  the  pile  is  thus  ohlUed 
and  the  needle,  as  you  see,  moves  up  to  90"  on  the  eide  O 
cold.  Our  pile  is  therefore  not  only  available  for  tit 
examination  of  heat  commimicatod  to  it  by  direct  contoctj 
but  alao  for  the  examination  of  radiant  heat  Let  t 
ply  it  at  once  to  a  most  important  invegtigatjon,  and  ext 
ine,  by  means  of  it,  the  distribution  of  thermal  power  ini 
the  electric  spectrum. 

Let  me  in  the  first  place  show  you  this  spectnun.  I  do" 
Fo  by  sending  a  filice  of  pure  white  Ught  from  the  orifiotf 
o  (fig,  75),  throngh  this  prism,  abc,  which  is  boilt  op  of 
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plane  glass  sides,  but  is  filled  with  the  litinid  bisnlphide  ol 
carbon.  It  givefl  a  richer  dispby  of  colour  than  glass  dooO^ 
and  this  is  one  reason  why  I  use  it  in  preforeuco  to  glaaSi 
Here  tbeu  you  have  the  white  beam  disentangled,  and  n- 
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liticed  to  the  colours  wliicli  compose  it ;  you  have  tbis  burn- 
ing red,  this  vivid  orange,  this  dazzling  yellow,  this  brill- 
mi  green,  and  these  Tarioiis  slindea  of  blue ;  the  bine  space 
bemg  usiiaUy  subdivided  into  blue,  indigo,  and  violet.  I 
»ill  now  cause  a  thermo-elcptric  pilo  of  particular  construo- 
iJcm  to  pa^  gradually  through  all  these  colours  in  succea- 
iion,  BO  as  to  test  their  lieating  powers,  and  I  will  ask  yon 
to  observe  the  needle  of  the  galvanometer  which  is  to  de- 
clare the  maguitadc  of  that  power. 

For  this  purpose  I  have  here  (fig.  76)  a  beautiful  piece 
^(  3|ipar!ita3,  designed  by  Melloni,  and  executed,  with  his 
Mcnstomed  skill,  by  51.  Ruhm- 
tJirC*  Yon  observe  here  a  pol- 
■^ted  brass  plate,  x  b,  attached 
lo  J  Btcin,  and  this  stem  is 
tncmntcd  on  a  horizontal  bar, 
whiii,  by  means  of  a  screw,  has 
j,      wotion  imported  to  it.     By  tum- 

Itbia  ivory  handle  in  one  di- 
on  I  cauEe  the  plate  of  brass 
jproach ;  by  turning  it  in  the 
r,  I  cause  it  to  recede,  and 
notion  is  so  Gne  and  gradual, 
I  could,  with  ease  and  cor- 
y,  posh  the  screen  through  a 
•PKtf  less  than  ^I'^^th  of  on  ioch. 
Yoa  observe  a  narrow  vertical « 
slit  iu  the  middle  of  this  plate, 
ud  aoincthing  dark  behind  iU 

That  dark  space  is  the  blackened  face  of  a  Ihermo-olectric 
pile,  P,  the  elements  of  which  are  ranged  in  a  single  row, 
anil  not  in  a  square,  as  in  our  other  instrument.  I  will  al- 
low divtinct  slices  of  the  spectrum  to  fall  on  that  slit ;  each 
■wiU  imparl  whatever  heat  it  iKisseescs  to  the  pile,  and  the 
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quantity  uf  tlie  heat  will  be  marked  by  tbe  needle  of  o 
galvanometer. 

At  present  a  small  but  brillimit  spectnim  falla  upon  tfat 
plate,  A  B,  but  the  slit  is  quite  out  of  the  spcclium. 
tbe  handle,  and  tliu  elit  gradually  spproacbcs  the  \lolid 
end  of  the  spectrum ;  the  violet  light  now  lalla  upon  I 
slit,  but  the  iieedle  does  not  move  seneibly.    1  paaa  on  t 
the   indigo,  tlie  needle  is  still  quiescent;   tbe  blue  alaf 
allows  no  action.     I  pass  on  to  tbe  green,  the  needle  bai 
ly  stirs :  now  the  yellow  falls  upon  the  slit ;  the  motion  on 
tbe  needle  is  now  perhaps  for  the  first  time  nsible  to  yona 
but  the  deScctiou  is  small,  though  I  now  expose  the  pM 
to  t/ie  most  luminous  part  of  the  tpectnnn.*     I  will  noif 
pass  on  to  the  orange,  which  is  less  luminous  than  the  ye| 
low,  but  yon  observe,  though  the  light  dimlniiihes  the  fa 
increases ;  the  needle  moves  stilt  farther.    I  pass  o 
red,  which  is  still  leas  luminous  than  the  orange,  and  y 
Bee  that  I  here  obtain  the  greatest  thermal  power  exhibits 
by  any  of  the  Tisible  portions  of  the  spectrum. 

The  appearance,  however,  of  this  burning  red  might  Ics 
you  to  suppose  it  natural  for  such  a  colour  to  be  hott 
than  any  of  the  others.     But  now  pay  attention. 
cause  my  slit  to  pass  entirely  out  of  the  spoctnun,  qtiit4 
beyond  the  extreme  rod.    Look  to  the  galvanometer  I 
needle  goes  promptly  np  to  the  stoi>s.    So  that  wo  havi 
hero  a  heat^jiectrum  which  wo  cannot  see,  and  whose  thei 
mal  power  is  far  greater  than  tliat  of  any  visible  part  orf 
the  spectrum.     In  fact,  the  electric  light  with  which  ;a-d 
deal,  erait-8  an  infinity  of  raya  which  arc  converged  by  our 
lens,  refracted  by  our  prism,  which  form  the  prolongatioi 
of  our  spectrum,  but  which  are  utterly  incompetent  to  e 
cite  ihe  optio  nerve  to  Tision.    It  is  the  same  with  tbe  em 
Qui-  orb  is  rich  In  thoso  obscure  rays ;  and  though  they  a 
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for  the  most  part  ont  off  by  our  atmosphere,  multitiidea  of 
tlieoi  still  reach  um.  To  the  great  Willium  HerBcIiel  we  ore 
indebted  for  the  discovery  of  them. 

Thus  wo  prove  that  the  Bpectrmn  extends  on  the  red 
side  mach  beyond  its  %*isible  limits ;  and  were  I,  instead  of 
being  compelled  to  make  ase  of  lenses  and  prisma  of  glass, 
fortmiate  enough  to  possess  lenses  nnd  prisma  of  rock  salt,  I 
conld  show  you,  as  McUoni  has  done,  that  those  rays  extend 
a  great  way  farther  than  it  ia  now  in  my  power  to  prove. 
n  b'o&s,  though  sensibly  transparent  to  light,  is,  in  a 
I  meofinrc,  opaque  to  these  obscure  rays ;  instead  of 
ing  the  screen,  they  are  for  the  most  part  lodged  in 
laa.  • 

e  TiMble  spectrum,  then,  simply  marks  an  interval  of 
tnl  action,  in  which  the  radiations  are  bo  related  to  out 
nlsation  that  they  escito  the  impression  of  light ;  l>e- 
I  this  intenal,  in  bath  directions,  radiant  power  is 
rted — obficui-e  rays  fall — those  falling  beyond  the  red 
5  powerful  to  produce  heat,  while  those  falling  beyond 
STiolet  are  powerful  to  promote  chemical  action.  These 
r  rays  can  actnally  be  rendered  visible  ;  or  more  strict- 
1,  the  undulations  or  waves  which  arc  now 
\  hero  beyond  the  violet  against  the  screen,  and 
e  8catt(>red  from  it  so  as  to  strike  the  eyes  of  every 
I  prowmt,  lliough  they  are  incompetent  to  excite 
Q  in  those  eyes ;  those  waves,  I  say,  may  be  caused  to 
inge  npon  another  body,  and  to  impart  their  motion  to 
i  actually  to  convert  the  dark  sjiace  beyond  the  violet 
a  brilliantly  illuminated  one,  I  have  here  the  proper 
The  lower  half  of  this  sheet  of  paper  has  been 
1  with  a  solution  of  Gnljihate  of  quinine,  whilo  I  have 
t  tlio  npper  Iinlf  in  its  natural  state.  I  will  hold  the 
,  K>  that  the  straight  line  dividing  its  prepared  from 
\  unprepared  half,  shall  bo  horizontal  and  shall  cut  the 
J  into  two  equal  parta ;  the  upper  half  will  rgniiuu 
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unaltered,  and  yon  -will  l>e  able  W  oomparp  -with  it  t 
nndur  half,  on  wliicli  I  Lopo  to  find  the  spectrum  cIonj^Ate 
You  see  this  eflbct ;  we  have  here  a  splendid  flaorcacc 
band,  several  inches  in  width,  where  a  moment  ago  I 
■vna  nothing  but  darkness.  I  reraoTo  the  prepared  papc 
and  the  light  disappears.  I  re-introduoe  it,  and  the  IJgl 
flashes  out  again,  showing  yon,  in  the  most  emphatic  n 
ner,  that  the  visible  limits  of  the  ordinary  spectrmn  b 
means  mark  the  limits  of  radiant  action.  I  dip  my  b 
in  this  Bolntion  of  sulphate  of  quinine,  and  dub  it  a 
the  paper ;  wherever  the  solution  falls,  light  flashes  forth. 
The  eiistenoe  of  these  extra  violet  rays  has  been  long 
known ;  it  was  known  to  Thomas  Ysung,  who  actually  e 
perimented  on  them  ;  hnt  to  Prof.  Stokes  we  are  iodebtej 
for  the  complete  investigation  of  this  aubject.  He  rendoi 
the  rays  thus  visible. 

How  then  are  we  to  conceive  of  "the  rays,  visible  i 
in-visible,  which  fill  this  large  space  upon  the  screen?  ' 
are  some  of  them  visible  and  others  not  ?    Why  are  ( 
visible  ones  distinguished  by  varions  colom-e  ?    Is  l 
anything  that  we  can  by  hold  of  in  the  midiilations  vriniM 
produce  these  eolonrs,  to  which,  as  a  physical  cause, ' 
must  assign  the  colour?    Obsene  first,  tiint  the  cntil 
beam  of  white  light  is  drawn  aside,  or  refracted  by  ti 
prism,  but  the  violet  is  pulled  aside  more  tlian  thd  int 
the  indigo  more  than  the  hlue,  the  bine  more  than  f 
greeo,  the  green  more  than  the  yellow,  the  yellow  mon 
than  the  orange,  and  the  orange  more  than  the  red.    Thcal 
colours  arc  differently  refrangible,  and  upon  this  dei>eQ4( 
the  possibility  of  their  separation.    To  every  particular  d 
gree  of  refraction  belongs  a  definite  colour  and.r 
But  why  should  light  of  one  degree  of  refrangibility  pro 
duce  the  sensation  of  red,  and  of  another  degree  the  & 
tion  of  green  ?    This  leads  us  to  consider  more  closely  tl 
cause  of  thc^c  scuaatioiis. 
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A  referraice  to  the  phenomena  of  eotrnd  will  materially 

help  onr  conceptions  here.     Figure  clearly  to  your  minds  a 

faarp-etring  vibrating  to  and  fro  ;  it  advances  and  causes  the 

~     ticlea  of  air  in  front  of  it  to  crowd  togctlier ;  it  thus 

iducca  a  cotidcnaation  of  the  air.    It  retreats,  and  the 

r  particles  behind  it  separate  more  widely ;   in  other 

I,  a  rar^adion  of  the  lur  occurs  bcliind  the  retreating 

The  string  again  advances  and  produces  the  conden- 

i  before,  it  agMn  rotrcata  and  produces  a  rarefac- 

Thua  the  condition  of  the  air  through  which  the 

md  of  the  string  is  propagated  consiata  of  a  regular 

iqoence  of  condensations  and  rarefactions,  which  tiavel 

li  a  velocity  of  about  1,100  feet  a  second. 

The  condensation  and  rarefaction  constitute  what  is 

called  a  sonorous  pulse  or  wave,  and  the  length  of  the  wave 

is  the  dititancc  from  the  middle  of  the  condensation  to  the 

middle  of  the  rarefaction.   Of  courae  these  blend  gradually 

into  each  other.    The  length  of  the  wave  ia  also  measured 

f  the  distance  from  the  centre  of  one  condensation  to  the 

■tro  of  the  next  one.     Now  the  quicker  a  atriug  vibratca 

^  more  qoiekly  will  these  pulses  follow  each  other,  and 

e  shorter,  at  the  same  time,  will  bo  the  length  of  each  in- 

1  wave.    Upon  theae  differences  tlie  jiitch  of  a  note 

c  depends.    If  a  violin  player  wishes  to  produce  a 

r  note,  he  shortens  his  string  by  pressing  his  finger 

I  it ;  be  thereby  augments  the  rapidity  of  vibration.    If 

I  point  of  pressure  exactly  halves  the  length  of  his  string, 

LobUuns  the  octave  of  the  note  which  the  string  emits 

D  ^Hbrating  ns  a  whole.   'Boys  arc  chosen  as  choristers 

iduce  the  shrill  not«s,  men  to  produce  the  bass  notes ; 

lason  being,  that  the  boy's  organ  vibrates  more  speeil- 

1  tlie  man's  ; '  and  the  hiun  of  a  gnat  ia  stiriller  than 

r  a  beetle,  because  the  smaller  insect  can  send  a 

tep  number  of  impulses  per  second  to  the  ear. 

~j  have  now  cleared  our  way  towards  the  clear  com- 
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prehension  of  the  phyaica]  canse  of  colour.    Thia  s] 
ia  to  the  eye  wLat  the  gamut  is  to  the  ear ;  its  difierei 
colours  represent  notes  of  different  pitch.     The  vibratioi 
which  produce  the  impreasion  of  red  are  slower,  and  tb 
ethereal  waves  which  they  generate  are  longer,  than  thoi 
which  produce  the  impression  of  violet,  while  the  othfl 
colonrs  are  excited  by  waves  of  Eome  intermediate  lengtl 
The  length  of  the  waves  both  of  Bound  and  light,  snd  t 
number  of  shocks  which  they  respectively  impart  to  the  ea 
and  eye,  have  been  strictly  determined.     Let  ua  here  } 
through  a  simple  calculation.     Light  travels  through  e 
at  a  velocity  of  192,000  miles  a  second.    Reducing  this  t 
inches,  we  find  the  number  to  be  12,106,120,000.     Now  i 
ia  found  tliat  39,000  waves  of  red  light  placed  end  to  e 
would  make  up  an  inch ;  multiply  the  number  of  inohea  i 
192,000  miles  by  39,000,  we  obtain  the  number  of  V 
of  red  light  in  192,000  miles :  this  number  is  474,439,680) 
000,000.    AU  these  waves  enter  the  eye  in  a  titigle  i 
To  produce  the  impression  of  red  in  the  brain,  the  retiq 
must  be  Itit  at  this  almost  incredible  ral«.    To  prodnoe  th 
impression  of  \-iolet,  a  Btill  greater  nimiber  of  impnlaes  t 
necessary ;  it  would  take  fi7,500  waves  of  violet  to  fill  ai 
inch,  and  the  number  of  shocks  required  to  produce  th 
impression  of  this  colour,  amounts  to  six  hundred  and  nin^ 
ty-nine  millions  of  millions  per  second.     The  other  colom 
of  iho  spectrum,  as  already  stated,  rise  gradually  in  pits 
from  iho  rod  to  the  violet. 

But  beyond  the  violet  we  have  rays  of  too  high  a  pita 
to  bo  visible,  and  beyond  the  red  wo  have  rays  of  too  loi 
a  pitch  to  be  visible,  Tfio  phenomena  of  light  are  in  thi 
<fl»B0  also  paralleled  by  those  of  soimd.  If  it  did  not  u 
volve  a  contradiction,  wo  might  say  that  there  are  mudct 
sounds  of  too  high  a  pitch  to  be  hoard,  and  also  HOunds  cm 
too  low  a  pitch  to  be  heard.  Speaking  strictly,  there  ox 
waves  transmitted  through  the  air  I'rom  vibrating  bodicfl| 
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I,  thoagh  they  etrilie  opoa  the  nir  in  regular  rccur- 

e,  are  uicatDpetcnt  to  excite  the  aLiumtion  of  a  mui^ical 

Probably  sounds  arc  heard  by  iosecta  which  cutirt-Iy 

«  our  perceptions  ;  and,  Indeed,  as  regards  human  l)e- 

e  seUsamG  note  may  be  of  piercing  ahriUnoss  to  one 

1,  while  it  is  absolutely  unheard  by  another.     Botli 

8  light  and  sound,  our  organs  of  eight  and  hearing 

a  certain  practical  range,  beyond  which,  on  both 

a,  tbongli  the  objective  cause  exists,  our  nenes  ceaao  to 

M  infiueuced  by  it. 

'  When  therefore  I  place  tWs  red-liot  copper  ball  before 

X  md  watch  the  waning  of  its  light,  yon  will  have  a 

'wily  clear  conception  of  what  ia  occnrring  here.    Tho 

B  of  the  bail  oBcillnte,  but  they  oscillate  in  a  resisting 

1  oi^  which  tlieir  moving  force  is  expended,  and 

!i  transmits  it  on  all  sides  with  inconceivable  velocity. 

lationa  competent  to  produce  light  are  now  ex- 

ted ;  the  hall  is  quite  dark,  still  its  atoms  oscillate,  and 

p  OBcillationa  are  taken  up  and  transmitted  on  all 

■  the  ether.      The  ball  coola  as  it  thus  loses  its 

r  motion,  but  no  cooling  to  which  it  can  be  prae- 

telUy  subjected  can  entirely  deprive  it  of  its  motion.  Tliat 

■  to  say,  all  bodies,  Whatever  may  bo  their  temperature, 

'<•  radiating  beat.     From  the  body  of  e^'ery  individu.il 

)  present,  waves  are  speeding  away,  some  of  which 

ike  upon  this  cooling  ball  and  restore  a  portion  of  its 

t  notion.    But  the  motion  thus  received  by  the  ball  is 

9  than  what  it  communicalcs,  and  the  difference  be- 

1  tbem  cxprcsseB  tho  ball's  loss  of  motion.     As  long 

B  Stale  of  things  continues  the  ball  will  continiio  to 

1  ever-lowering  temperature :  its  temperature  will 

til  tho  (quantity  it  emits  is  Cf]ual  to  tlie  quantity 

I  receivoH.  nn<l  at  this  point  its  temperature  becomes 

I,    Tims,  though  yon  are  conacions  of  no  reception 

^  when  you  stand  before  a  body  of  your  own  tern- 
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perature,  an  interchnngo  of  rays  is  passing  between  yon. 
Every  superficial  atom  of  each  mass  is  sending  foitb  ita 
waves,  wliich  cross  those  that  move  in  Uie  opposite  direc- 
tion, every  wave  asserting  its  own  individuality  amid  the 
entanglement  of  its  fellows.  When  the  siun  of  motion  re- 
ceived is  greater  than  tiat  given  out,  warming  is  the  con- 
ecqacncc ;  when  the  sum  of  motion  given  out  is  greater 
than  that  received,  chilling  takes  place.  This  is  PTevost's 
Theory  of  Exchanges,  expressed  in  the  langnage  of  the 
Wave  Theory. 

Let  us  occupy  the  remainder  of  this  lecture  by  illnsti 
iDg  experimentally  the  analogy  between  light  and  ri 
heat,  as  regards  reflection.    Yon  observed  when  I  placed 
my  thermo-electric  pile  in  fiont  of  Mr.  Anderson's  face,  that 
1  bad  attached  to  it  an  open  cone  which  I  dM  not  use  in 
my  former  experiments.    This  cono  is  silvered  inside, 
it  ifl  intended  to  augment  the  action  of  feeble  radiati< 
by  converging  them  upon  the  face  of  the  tbermo-electi 
pile.    It  does  this  by  reflection;  instead  of  shooting  wide 
of  tlio  pile,  as  they  would  do  if  the  reflector  were  removed, 
they  meet  the  silvered  surface  and  glance  from  it  against  \3ia 
pile.   The  augmentation  of  the  effect  is  thus  shown,    I  p! 
the  pile  at  thia  end  of  the  table  with  its  reflector  off,  and 
a  distance  of  four  or  five  feet  I  place  this  copper  ball, 
— but  not  red-hot ;  you  observe  scarcely  any  motion  of 
needle  of  tlio  galvanometer.     Disturbing  nothing,  I  now 
tach  the  reflector  to  the  pile ;  the  needle  instantly  goce 
to  00°,  declaring  the  augmented  action. 

The  law  of  this  reflection  is  precisely  the  same 
of  light.    Obser\'e  this  apparently  solid  luminous  cylindi 
issuing  from  our  electric  lamp,  and  marking  its  track 
vividly  upon  the  dust  of  our  darkened  room.     I  tnke 
ror  in  my  hand,  and  permit  the  beam  to  fall  upon  it ; 
beam  rebounds  from  tJie  mirror ;  it  now  strikes  the  cei 
Thia  horizontal  beam  is  the  incident  beam,  this  vortii 
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one  is  tlie  rpflocted  beam,  and  the  law  of  liglit,  as  many  of 
yoa  know,  u,  that  the  angle  of  IncideDco  is  equal  to  ilie 
Mgle  of  reflection.  The  incideat  and  reflected  beams  now 
uncJoite  a  right  angle,  and  when  this  ia  the  vase  I  may  bo 
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)  that  both  boama  form,  with  a  perpendicular  to  tlio 

fhce  of  the  mirror,  an  angle  of  45\ 

^  I  place  the  lamp  at  this  comer,  e,  of  the  table  (fig.  V7) ; 

ihind  tho  table  I  place  a  looking-glaaa,  i^  and  on  the  table 

yoo  observe  I  have  drawn  a  largo  arc,  a  b.    Attached  to 

the  mirror  is  this  long  straight  lath,  m  vi,  and  the  looking- 

^  resting  npon  rollers,  can  be  tamed  by  the  lath,  wWch 

0  serve  an  nn  index.    I  have  here  dra^vn  a  dark  central 
1  when  tbe  mirror  exactly  laces  tlie  middle  of  tho 

•ace,  our  latli  and  this  line  coincide.     Those  in  front 

jr  sec  that  the  latb  iteelf  and  its  reflection  in  the  mirror 

straight  line,  which  proves  that  the  central  dark 

s  now  perpendicular  to  the  mirror.    Right  and  left  of 

1  contra)  line  I  have  divided  the  arc  into  ten  eqaal 
amoncing  at  tho  end  b  with  0",  I  have  graduated 
to  20"'.    I  first  turn  the  index  so  that  it  shall  be 

titc  line  of  the  benm  omitted  by  the  lamp.     Tlio  beam 

r  fafls  npon  the  mirror,  striking  it  as  a  peqiendictilai-, 

i  yoa  see  it  is  reflected  back  along  tho  line  of  incidence. 

r  moTO  my  index  t"  1 ;  tlio  reflected  beam,  as  you  ob- 
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BSrvfi,  draws  itaelf  along  the  table,  cntting  the  figuro  2. 
movo  the  iuiles  to  S,  the  beam  is  now  at  4  ;  I  move  thu 
dex  to  3,  the  hcam  is  now  at  I) ;  I  more  it  to  5,  the 
18  now  at  10 ;  I  move  it  to  10,  the  beam  is  now  at  20.  If 
stand  midway  hetweta  the  incident  and  reflected 
and  stretch  out  my  amis,  luy  finger  tips  touch  each  of  thi 
Oao  lies  as  mach  to  the  letl  of  the  perpendicnlar  as 
other  does  to  the  right.  The  angle  of  incidence  ia  eqoal 
the  angle  of  reficetton.  But  we  ha\'e  also  demonslrati 
that  the  beam  moves  twice  aa  fast  as  the  index  ;  and  \1 
ia  usually  expressed  in  the  statement,  that  the  angular  x 
locity  of  a  reflected  ray  is  twice  that  of  the  mirror  w] 


I  Lave  already  shown  you  that  these  incandescent  coi 
points  emit  an  abundance  of  obscure  rays — of  raya  of  pu 
heat,  which  have  no  illuminating  power;  my  object  now 
to  show  you  that  those  rays  of  heat  emitted  by  the  li 
have  obeyed  precisely  the  same  laws  as  the  rays  of  U^l 
I  have  here  a  piece  of  black  glass ;  so  block  that  wbtiQ 
look  through  it  at  the  electric  light,  or  even  at  the  noondflj 
sun,  I  see  nothing.  Ton  observe  the  disappearance  of  th 
beam  when  I  plaoc  this  glass  in  front  of  the  lamp.  It  col 
off  every  ray  of  light ;  but,  strange  as  it  may  appear  t 
you,  it  is,  in  a  considerable  degree,  transparent  to  the  ol 
Bcure  rays  of  the  lamp.  I  now  extinguish  the  light  by  U 
terrnpting  the  current,  and  I  lay  my  thermo-cleotric  pilo  a 
the  table  at  the  number  20,  where  the  luminoas  beam  fell 
moment  ago.  The  pile  is  connected  with  the  gaIvanon[ietHi 
and  the  needle  of  the  instrument  is  now  at  tXTO.  I  ignit 
the  lump,  no  light  miites  its  appearance,  but  observe  tJi 
galvanometer ;  the  needle  has  already  swung  to  90' 
through  the  action  of  the  non-limiinoua  raya  upon  the  pill 
If  1  move  the  instnnuent  riglit  or  left  from  its  prcnent  p« 
Hition  the  needle  inmiediattly  sinks  ;  the  calorifio  rjiya  hail 
pursued  the  predae  track  of  tlie  luminous  rays;  and  fo 
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tbem,  also,  the  oagle  of  incidence  U  equal  to  the  angle  of 
reflection.  Itcpeiiting  tbe  ex|ieruneiits  that  I  have  already 
cxecaluti  with  Uglil,  bringing  the  index  in  succession  to  1, 
2,  3,  6,  itc,  I  prove  tlinl  in  the  cose  of  radiiwt  heat  ako, 
the  aogular  velocity  of  the  reflected  ray  ia  twice  tliat  of  the 
mirror. 

The  heat  of  the  fire  oheye  Uio  aanie  law,  I  have  here  ;: 
sheet  of  tin — a  homoiy  reflector,  but  it  will  answer  my  pur- 
])08e.  At  thix  end  of  the  table  I  place  the  thermcKilectric 
pile,  and  at  the  other  end  my  tin  ecreen.  The  needio  of 
the  gal\anonieter  is  now  at  zero.  Well,  I  tnm  the  reflector 
so  OS  to  cause  tlic  heat  striking  it  to  rebouud  towards  the 
pile  ;  it  now  meets  the  instrument,  and  the  needle  at  ouco 
Ji-'clares  its  arrival.  Obsurvo  the  positions  of  the  fire,  of 
the  reflector,  and  of  the  pile  ;  you  sec  that  they  are  just  in 
1  lie  positions  wlijch  make  the  angle  of  incidence  equal  to 
lliat  of  reflection. 

But  in  these  experiments  the  heat  is,  or  has  been,  aaso- 
riUcd  with  light.  Let  me  now  show  that  the  law  holds 
I  for  raya  emanating  from  a  truly  obscure  body.    Here 

I  O^JpCT  ball,  c  {fig.  78),  heated  to  dull  rcdncBB ;  I  pliuige 
I  WKtcr  nntil  its  light  totally  disappcnrs,  but  1  leave  it 
It  ij  still  giving  out  radiant  heat  of  a  slightly 
■  mtensily  than  tlint  emitted  by  the  human  body.  I 
this  candlestick  as  a  support,  and  here  I  place 
my  pile,  p,  tui-ning  its  conical  reflector  away  from  the  ball,  so 
lliat  no  direct  ray  from  the  latter  can  reacli  tlio  pile.  You 
too  Uio  needle  remains  at  zero.  I  place  here  my  tin  reflect- 
or. It  K,  80  that  a  line  drawn  to  it  from  the  ball,  Bhall  make 
tfao  Hunc  angle  with  a  perpendicular  to  tho  polished  tin  re- 
flector, OH  &  line  drawn  fi-om  tlie  pile.  The  axis  of  tho  con- 
ical reflector  lie«  in  this  latter  line.  True  to  the  law,  the 
bcat-raya  emanating  from  the  ball  rebound  from  it  and 
etriko  Ihe  pile,  and  you  obserre  the  consequent  prompt  mo- 
Uoo  of  the  needle. 
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Like  the  rays  of  light,  the  rays  of  heat  emanatiiig  from  I 
our  ball  proceeti  in  straiglit  Knos  ttiroiigh  space,  duiunlaii-  | 


ing  in  intemty  exactly  aa  light  ^miniBhes.    Thna,  tliia  faal 
which  when  close  to  the  pile  oatiees  the  needle  of  the  f 
vanometer  to  fly  up  to  90",  at  a  distance  of  4  feet  6  inol 
shows  scarcely  a  aenaible  action.    Its  rays  are  aqnandored  q 
all  sides,  and  comparatively  few  of  them  readi  tho  (ttlo.  J 
I  now  introduce  between  the  pile  and  the  ball  this  tin  tub* 
A  B  (fig.  79),  4  feet  long.    It  is  polished  within,  and  thm 


fore  ospablo  of  reflection.    Tho  calorific  rave  wliich  etr 
the  blerlor  surface  obliquely,  arc  roilectod  from  side  to  udl 
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'yf  tlio  tah^  and  thus  thoee  rays  which,  when  the  tnhe  is 
ibscnt,  arc  squandiTed  iii  space,  are  caused,  by  intcraal  re- 
flection, to  reach  the  pile.  Yon  Bee  the  result ;  the  needle, 
t,  ago  showed  no  Eenslble  action,  movea 
lomptly  to  its  stops. 
We  have  now  dwelt  su^ciently  long  on  the  reflection  oi' 
■t  heat  by  piait£8ur/aees;  let  iia  turn  for  a  moment  to 
nfludon  from  ouned  anrfacca.  I  have  here  a  concave 
U",  M  If  (fig.  80)  formed  of  copper,  but  coated  with  eil- 


I  place  this  warm  copper  ball,  ii,  at  a  distojicc  of 

^tecn  inches  from  the  pile,  which  has  now  its  conieal 

sctor  removed ;  you  obser\'c  scarcely  any  motion  of  tlic 

i.    If  I  placed  the  reflector,  m  n,  properly  behind  ii 

),  I  Bhauld  collect  its  rays,  and  send  them  back  in  a  cyl- 

Eer  of  light.     I  shall  do  the  same  with  the  calorific  rays 

ittcd  by  the  ball  n ;  you  cannot,  of  course,  see  the  track 

r  the§e  obscure  rays,  aa  you  can  that  of  the  limiinous 

I  hot  you  observe  that  while  I  H|joak,  the  gnlv.ino- 

C  hot  rorealed  the  action ;  the  needle  of  the  instrument 

DtoW. 
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I  have  here  a  pair  of  much  larger  mirrors,  one  of  wlii 
is  ])liici;d  flat  upon  the  table:  now,  the  corvntiirc  of  tl 
mirror  is  eo  regubited  that  if  I  plaM  a  light  at  this  pob 
which  in  called  the  focus  of  the  mirror,  the  niys  wbidi  £ 
divergent  upon  the  mirror  are  reflected  upward  from  it  p< 
allcl.  Let  ua  m:ike  the  exjjerinjent :  In  the  focus  I  j 
onr  coal-points,  bring  them  into  contact,  and  then  t 
them  a  little  apart ;  there  is  the  electric  light,  and  tberei 
a  splendid  vortical  cylinder,  cast  upwards  hy  the  refleeto 
and  marked  by  the  action  of  the  light  on  the  dust  of  tf 
room.  If  we  reversed  tlic  experiment,  and  allowed  a  pa 
allel  beam  of  light  to  full  upon  the  mirror,  the  rays  of  thi 
beam,  after  reflection,  would  be  collected  in  the  focus  o 
the  mirror.  Wo  can  actually  make  this  experiment  by  t 
troilncing  a  second  mirror  ;  here  it  is  Biispoaded  fVom  d 
ceiling.  I  will  now  draw  it  up  to  a  height  of  20  or  25  fai 
above  the  table  ;  the  vertical  beam,  which  before  fell  u 
the  ceiling,  is  now  received  by  the  upper  mirror ;  I  ha» 
hung  in  the  focus  of  the  upi>er  mirror  a  bit  of  oiled  pope 
to  enable  you  to  see  the  collection  of  the  rays  of  llie  (' 
You  observe  how  intensely  that  piece  of  paper  is  now  ill 
minated,  not  by  the  direct  light  from  below,  bat  by  tho  t 
fleeted  light -converged  upon  it  from  above. 

M.my  of  you  know  the  extraordinary  action  of  lig^ 
upon  a  mixture  of  hydrogen  and  chlorine.  I  have  hers 
transparent  collodion  balloon  tilled  with  tho  mixed  gase 
I  lower  my  upper  reflector,  and  soBpend  the  balloon  fn 
n  hook  attached  to  it,  ho  tliat  the  little  globo  eliall  swii 
in  the  focus  ;  we  wiU  now  draw  the  mirror  quite  up  to  tJ 
coiling  (fig.  61) ;  and  as  before  T  place  my  coal-points  i 
.the  focus  of  the  lower  mirror ;  the  moment  I  draw  t 
apart,  the  Uglit  gushes  from  them,  and  the  gases  cxpI<K 
And  remember  lliia  is  Iho  action  of  the  light ;  yon  kntf 
collodion  to  be  an  inflammable  substance,  and  hence  migl 
suppose  thai  it  was  the  htafoi  the  coal-pointa  that  ignit4 
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npon  the  envelojie,  which  I  have  purposely  blackened  a ' 
tie,  BO  as  to  cn.iblc  it  to  intercept  the  heat-rays ;  the  aod 
is  not  so  Boddcn  as  in  the  last  case,  but  Cfure  is  the  ex{ 
sioa,  and  you  now  see  no  trace  of  the  balloon  ;  the  infil 
mable  substaDce  ia  entirely  ^Bipated. 

But  here,  yon  may  object,  light  is  assocLited  with  i 
heat ;  very  wtll,  I  lower  the  npper  mirror  once  more  i 
Biisi>end  in  its  focus  a  flask  of  hot  wal£r.  I  bring  my  Ht 
mo-cloctrio  pile  to  the  I'ocua  of  tlie  lower  mirror,  and  £ 
turn  tbG  face  of  the  pile  upwards,  bo  as  to  expose  it  to  tj 
direct  radiation  of  the  warm  flaak — there  is  no  sensible  i 
lion  produced  by  the  direct  rays.  But  I  now  tmn  my  p 
with  its  face  downwards.  II'  light  and  heat  behave  alii 
the  rays  from  the  flask  which  strike  tlio  reflector  will 
collected  at  its  focus.  You  see  that  this  is  the  case ; 
needle,  which  was  not  sensibly  affected  by  the  direct  ra 
goes  up  to  its  BtopB.  I  would  ask  yon  to  observe  the 
reotion  of  that  deflection  ;  the  red  end  of  the  needle  mo 
towards  you. 

I  again  lower  the  mirror,  and,  m  the  place  of  the  fl 
of  hot  water,  suspend  a  second  one  containing  a  freem 
miiturc.  I  raise  the  mirror  and,  aa  in  the  former  ( 
bring  the  pile  into  the  focus  of  tlie  lower  one.  Turned 
rcctly  towards  tlie  upper  flask  there  is  no  action ; 
downwards,  the  needle  moves :  ob8er\-c  the  direction  of  1 
motion — the  red  end  comes  towards  me. 

Docs  it  not  appear  as  if  this  body  in  the  tipper  foi 
were  now  emitting  rays  of  cold  which  are  converged 
the  lower  mirror  exactly  as  the  rays  of  boat  in  our  fom 
experiment.  The  facts  are  exactly  complementary,  and 
would  Beem  that  wo  have  precisely  the  same  right  to  u 
from  the  exiierinients,  the  existence  and  convergence  < 
these  cold  rays,  as  we  have  to  infer  the  existence  and  o 
vergenco  of  the  heat  rays.  But  many  of  you,  no  doul 
have  alreaily  pcrwived  the  rcaJ  state  of  ihe  case.    The  p 
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IS  a  warm  body,  bnt  in  the  last  experiment  the  quantity 

which  it  lost  by  radiation  was  more  than  made  good  by 

the  quantity  received  from  the  hot  flask  above.    Now  the 

eye  is  reversed,  the  quantity  which  the  pile  radiates  is  in 

excess  of  the  quantity  which  it  receives,  and  hence  the  pile 

18  chined  ;«*the  exchanges  are  against  it,  its  loss  of  heat 

is  only  partially  compensated — and  the  deflection  due  to 

oold  is  the  necessary  consequence. 
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OS  TIIE  aOCND3   PRODUCED  BT  TtlE  00MBC3TI0S  OF   OjUEB 
lU   TCBE9.' 

Ik  tlio  first  volume  of  Nichoiaon's  Journal,  published  in  1803,  tb'' 
flounda  produced  by  the  coiubuation  of  hydrogen  in  tulx*  or- 
referred  to  bb  hariitg  been  *  matlo  in  Italy : '  Dr.  HiggiIl^  in  tin: 
same  place,  shows  that  he  had  discovcrod  them  in  tbo  yenr  177''. 
while  obgerviug  the  water  furmed  in  n  glass  vessel  by  the  bIo*' 
oombuEtion  of  a  slender  strvam  of  hydrogen.    Chladni,  in  b*^ 
'Akustik,'  published  in  1802,  pago  74,  speaks  of  their  b«ii*£ 
mentioned,  and  incorrectly  eiplained,  by  De  Luc  in  his  'Ke"** 
Ideas  on  Meteorology : '  I  do  not  know  the  date  of  the  volum*'- 
CUadni  tiimself  showed  that  the  tones  produced  wore  tUo  sari** 
as  those  of  an  open  pipe  of  the  same  leugth  as  the  tube  whicMi 
encompassed  the  flame.    He  also  succeeded  in  obtaining  a  totS*' 
and  its  octavo  trom  the  same  tube,  and  in  one  case  obtained  tls^ 
fifth  of  the  octiivc.    In  a  paper  published  in  the  '  Jonmal  deP 
eiiinu '  in  1603,  G.  De  la  Rivo  endeavoured  to  aecownt  for  t 
Bounds  by  referring  them  to  the  ullemnte  contraction  and  OJ 
eion  of  aqueous  vapour;  liosing  bis  opinion  upon  a  BCiies  of  ^ 
perimcntB  of  great  beauty  and  ingenuity  made  with  tbo  butfaBf 
thermometers.     In  1818  Sir.   Pnraday  took  up  the  aubject.t  fl 
allowed  that  the  tones  were  produced  when  thu  glass  tubo  i 
onvflopcd  by  an  atmosphere  higher  in  temperature  than  ! 
Fuhr.    That  thfy  were  not  due  to  aqueous  vapoui  was  fiirt 
shown  by  the  fact  that  they  could  be  produced  by  the  combtw 

*  Fram  ilie  Fhilosophical  Uagmioo  for  Jul;,  1S57.    B;  JuhoT^ 
F.B.S.    - 

f  JonnuJ  of  SoiviU'C  and  the  Axta,  vol  v.  p.  S74, 


SIKCDIi)  FIAMES.  3S9 

"farboDic  <md?.  n<  Rferred  the  Bounds  to  mccessiTc  csplo- 
4<,[ii  produaed  b;  tho  periodic  combination  oT  the  almospberic 
^gea  ffiiti  the  iasuing  jet  of  hydrogen  gas. 

•ID  Dot  aware  that  tho  dependence  of  the  pitch  of  the  note 
i  Bin)  of  the  fiame  iM  as  ;et  been  noticed.    To  thi«  point  I 
in  the  first  place,  briefly  direct  atteutioQ. 
L  A  tube  2S  inches  long  was  placed  over  an  ignited  jet  of  hydro- 

i:  the  sound  produced  was  the  fOndamental  note  of  tho  tube, 
fc  A  tnbo  12i  inches  long  was  brought  over  tho  Baino  flame,  but 

d  was  obtained. 

Y'Bte  Sttiao  waa  lownod,  so  as  to  tnuke  it  as  Bruall  na  posRiMc, 
Ptbetabc  last  mentioned  wu  ngnin  brought  over  it;  it  gave 
r  molodioua  note,  nliicb  was  the  octavo  of  that  obtained 
~yj&  the  35-inch  tube. 

Tho  45-incb  tube  was  now  brought  over  the  same  flame ;  it  no 
longer  gave  its  fundamental  note,  but  exactly  the  aaino  note  as 
^t  ulitained  from  the  tube  of  lialf  its  length. 

Thus  we  tec,  that  aJthongh  the  speed  with  which  the  explo- 
'iini  Ricc(«d  each  other  depends  upon  the  length  of  the  tube, 
I'"-  flame  ho^  also  a  voice  in  the  nutter :  that  to  produce  a  musi- 
't1  wund.  its  Biio  mast  be  such  as  to  enable  it  to  explode  in 
"'iiioiL  (ither  with  the  fundflroental  pulses  of  the  tube,  or  with 
'  li!!  palses  of  its  harmonic  divisions. 

With  a  tulio  0  feet  9  inches  long,  by  varj'ing  the  size  of  the 
''-imc,  and  adjusting  the  depth  to  which  it  reached  within  the 
"'Av,  I  have  obtained  a  atiries  of  notes  in  the  ratio  of  the  nambcra 
1,2,3,4,5. 

Thtsc  e;q)erinientB  explain  the  capricious  nature  ofthe  sounds 
•otnetiia«  obtained  Ijy  lecturcta  upon  this  Bubject.  It  is,  bow- 
ent,  always  poKiblo  to  render  tho  sounds  clear  and  sweet,  by 
ibly  af^eting  the  siiicof  the  flame  to  the  length  ofthe  tube.* 
)  th«  experiments  of  Mr.  Famdoy,  nothing,  that  I  am 
>  of;  Iiaa  been  added  to  this  anbjcct,  until  quite  recently. 
k  leeent  number  of  PoggcndorfTs  '  Annalen '  an  intercating 

mljii  HI  inehca  in  Ipn^lh  nnd  an  cicrolingly  mmiilejet  of 
I,  witliont  iJWring  tlio  (iimnliiy  of  gM,  a  noW  imd  its  octave-. 
Md  the  pontfr  of  changiag  its  own  dimensiona  to  suit  bolh 
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crperiment  is  described  b;  M.  von  8cba%otBch,  and  made  tlie 
snl.jfctol'some  remarks  by  Pro£  Poggendorff  himsolf.  A  luuaaU 
note  was  obtained  witli  a  jet  of  ordiofuy  coal-gas,  and  it  w^ 
fuund  tbat  whon  the  voice  was  pitched  to  the  Eamc  note,  t)i^' 
flamo  assumed  a  lively  motion,  wliicli  could  be  augmcnied  uiit  i 
tlic  flame  was  actunll;  extinguished.  M.  Ton  Bcbafigolscli  dw 
not  describe  the  conditions  necessary  to  Lhe  success  of  bis  eipcri- 
meut ;  and  it  was  while  endeavouring  to  find  out  thew.'  condi- 
tions that  I  alighted  upon  the  facts  which  form  the  principal 
BobJQCt  of  this  brief  notice.  I  may  remark  that  IL  Ton  ScbatT- 
gotsoh'a  result  may  bo  produced,  with  certainty,  if  the  gas  be 
caused  to  issue  under  sufiicient  pressure  through  &  very  Gmall 
orifice. 

In  the  first  experiments  I  made  use  of  a  tapoHng  brau  buta 
10}  inches  long,  and  having  a  superior  oriflce  about  ^,th  of  > 
inch  in  diameter.  The  ehaking  of  the  singing  flame  within  1 
glass  tube,  when  the  voice  was  properly  pit/^hed,  wn 
as  to  be  seen  by  several  hundred  people  at  once. 

I  placed  a  syrene  within  a  few  feet  of  the  singing-flniDB,  i 
gradnnliy  heightened  the  note  produced  by  the  instniment. 
the  sounds  of  the  flame  and  eytene  approached  perfect  nniaon,4 
flame  shook,  jumping  up  and  down  within  the  tube.  Tbu  ial 
val  between  the  jumps  became  greater  until  the  unison  was  ] 
feet,  when  the  motion  ceased  for  an  instant;  the  syrene  flti][ 
creasing  in  pitch,  the  motion  of  the  fiame  again  appealed,  i 
jumping  became  quicker  and  quicker,  until  finally  it  taof 
cognisance  by  the  eye. 

This  experiment  showed  that  the  jumping  of  the  flanc^ 
served  liy  M.  von  SchafTgotsch,  is  the  optical  esprvesion  ot 
ln'iiU  which  occur  at  each  eido  of  the  perfect  unison:  the  bl 
could  be  heard  in  exact  accordance  with  the  shortening  i 
lengthening  of  the  flame.  Beyond  the  region  of  these  beats 
both  directions,  the  Bound  of  the  qreno  produced  no  tj^ 
motion  of  the  flame    Wliat  is  true  of  the  syrene  ia  true  or 

While  repeating  and  varying  these  eipcrimcnts,  I  onco  fai 
Rilcnt  flame  within  a  tnbe,  and  on  pitching  my  voice  to  the  ■ 
ni'  the  tube,  the  flame,  to  my  great  surprise,  inatitntly  started  J 
song.    Placing  the  fingiT  on  the  eud  of  the  tube,  and  sUcm 
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■'"■  melody,  on  repeating  the  eiperiment  tlio  eauie  result  waa 

I  pUcc(1  the  BjTcne  near  the  flame,  aa  before.  The  latter  was 
:ratiig  tnitii[tuil;  within  its  tube.  Ascending  gruduull;  from 
.1"  lowest  oot«s  of  the  iDBtrumcDt,  at  the  raoment  when  the.  sound 
r  tlie  BjTvnc<  rciwhod  iho  pitch  of  the  tuho  which  Burrounded  the 
£i>'  Aznie,  the  latt«r  sndduDlj'  stretched  itiicif  and  cauuueaced  its 
«Di^,  which  continued  indcSnitelj  after  the  syrcnc  had  ceased  to 
■miut. 

With  the  burner  which  I  have  described,  and  a  glass  tube  13 
bcbttlong,  and  from  ^  to  }  of  on  inch  intcroal  diameter,  this  re- 
nlt  on  bo  ohtiuaed  with  ease  and  certainty.  If  the  Toice  bo 
throffn  a  little  higher  or  tower  than  the  note  due  to  the  tube,  no 
'  lie  oBtct  is  produced  npon  the  flame :  the  pitch  of  the  Toice 

k  Ufl  within  the  region  of  the  audible  beats. 
(  Sjtuying  the  length' of  the  tube  wc  vary  the  note  produced, 

c  must  be  modifled  accordingly. 
ft^t  the  sliaking  of  the  flame,  to  which  I  have  already  re- 
3,  proceeds  in  exact  accordance  with  the  beats,  ia  bGautii^l11y 
11  bjr  a  ttining-fork,  which  gires  the  same  note  as  the  flame. 
g  the  fork  so  as  to  throw  it  slightly  out  of  unison  with  the 
tt  when  the  former  ia  sounded  and  brought  near  the  Same, 
P^aiptags  aro  seen  at  exactly  the  same  intervals  as  those  in 
'  h  IIm  bests  are  heard.  When  the  tuning-fork  is  brought 
■nr  %  ivmnant  jar  or  bottle,  the  beats  may  be  heard  and  tho 
JniqiiBgii  seen  by  a  thousand  people  at  once.  By  changing  the 
ImiI  opoa  tho  timiiig-fnrk,  or  by  slightly  altering  the  ai/o  of  tho 
fiiiae,tlii!  quickness  with  which  the  beats  succeed  each  other 
taj  be  changed,  but  in  nil  cases  tho  jampinga  a.Jdresa  the  eye  at 
tismno  momimt  thut  the  beats  address  the  ear. 

IVllh  the  tuning-fork  I  have  obtained  tho  aume  results  as  with 
i.ic  Toico  and  Byrcnc.    Ilolding  a  fork  over  a  tube  which  responds 

■  '  it,  and  which  eonlnina  within  it  a  silent  Same  of  gas,  tho  latter 

■  iTirdi.irely  starts  into  song.    I  have  obtained  this  result  with  a 

"    :iMi  Tnrj-ing  from  lOJ  to  SO  inches  in  length.    The  !bl- 

ritneni  could  he  made  : — A  scries  of  tul I*,  cBpnblc  of 

■  hi!  notes  of  the  gnmnt,  might  be  placed  over  suitable 

- ;  alt  being  silimt,  let  the  gamut  l»o  run  over  by  a 

ciuiUJMi  with  an  instrument  8u0citnl!y  powerful,  placet!  nt  a 
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diatance  of  twenty  or  thirty  yards.  At  the  Bound  of  eatAt  p 
ular  note,  the  gaa-jp,t  coBtained  in  tbe  correaponding  tube  m 
iustaDtly  start  into  sung. 

I  must  rcmiu-k,  however,  that  with  tho  jrt  whidi  I  bsve  a 
the  experimimt  is  most  ea^ty  made  with  a  tube  about  11  a 
inches  loug :  with  longer  tubes  it  is  more  difficult  tu  prerent  ■ 
flame  from  ^ging  spoQtuioousty,  that  is,  without  extentnl  e 

The  principal  point  to  be  nttfinded  to  is  Ibia.    With  k 
say  of  12  inches  in  length,  tbc  flame  requires  to  occupy  n 
position  in  the  tube  in  order  tlmt  it  shall  eing  with  a  mi 
intensity.    Let  the  tube  be  raised  so  that  the  flame  may  p 
it  to  a  Iees  extent ;  the  energy  of  the  sound  will  be  t 
diminished,  and  a  point  (a)  will  at  length  be  attained,  wben 
will  cease  altogether.    AIjotc  this  point,  for  n  cfrtnia  disb 
the  flame  may  be  caused  to  bom  tranquilly  and  silently  for  M. 
length  of  time,  but  when  escited  by  the  voice  it  will  sing. 

■(VTicn  the  flame  is  too  near  the  point  (a),  on  being  cxcit«d'fl 
the  voice  or  by  a  tuning-fork,  it  will  respond  for  a  short  t 
and  then  cease.    A  little  tLbove  the  point  where  tliis  ceesadj 
occurs,  the  flame  bums  tranquilly,  if  unescited,  but  if  once  fMm^ 
to  sing  it  will  contnioe  to  sing.     With  such  a  flame,  which  is  q 
too  sensitive  to  external  impressions,  I  have  been  able  t*  r 
tAo  fff«A  Mtherto  ilacnbal,  and  to  stop  the  song  at  pleasure  by  m 
sound  of  my  voice,  or  by  a  tuning-fork,  without  quenching  ( 
flame  itself.    Such  a  flame,  I  find,  may  be  made  to  obey  the  w 
of  command,  and  to  Miig  or  cease  to  sing,  as  the  cxperimai 
pleases. 

The  mere  clappin^^  of  the  hands,  producing  an  exploa 
shouting  at  an  incorrect  pitch,  shaking  of  the  tube  tnrronndl 
the  flame,  are,  when  the  arrangomcntH  are  properly  made,  int 
tuiU.    Each  of  these  modes  of  diaturbance  doubtless  nfli^ts  t 
flame,  but  the  impulses  do  not  accumulHte,  as  in  the  case  vht 
the  note  of  the  tube  itself  is  Btruck.    It  sppean  as  if  I  he  II 
were  (i«y  to  a  single  impulse,  as  the  tympanum  would  probal 
be,  and,  like  the  latter,  needs  the  accumulation  of  impalses'fl 
give  it  imfficient  motion.    A  difference  of  half  a  tone  I: 
two  tuning-forks  is  snfficient  to  cause  one  of  theae  to  set  the  11 
BintTDg,  while  the  other  is  powerk-es  to  produce  this  effect. 
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I  baro  Boid  that  the  voice  must  b«  pitched  to  tiio  note  of  tbc 
IiltHi  wlikh  etUTDUnds  the  flaciiv ;  it  would  be  more  corrvut  to  Uky 
the  note  produced  by  the  Same  when  Biagiug.  Li  till  Cases  this 
dole  ii  senaiblj  higher  than  that  due  to  the  opcu  tube  which  sur- 
rotinds  the  flante ;  this  ougltt  to  be  the  cose,  tiecaiise  of  t)te  high 
temperature  of  the  yibrating  colnmn.  An  open  tube,  for  ejiiun- 
plo,  which,  when  a  tuning-rork  ia  held  over  its  end,  givea  a  iniixi- 
mutQ  reinforcement,  produces,  when  surrotmding  a  singing  Snnie, 
a  note  higher  than  that  of  the  fork.  To  obtain  the  latter  note 
the  tube  must  be  ecniiiblf  longer. 

What  is  the  conGtitntion  of  the  flauie  of  gaa  -while  it  produces 
Iheao  uaaicul  sounds  i    This  b  the  neit  question  to  which  I  will 
briefly  call  attention.    Looked  at  with  the  uakud  eye,  the  sound- 
ing flntnc  appears  constant,  but  is  the  coustancy  real  ?    Bu]>posiug 
encli  pulse  to  be  nccompaaied  by  a  physical  change  of  the  flame, 
Huch  a  cbongo  would  not  be  perceptible  to  the  naked  eye,  on 
account  of  the  Telocity  with  which  the  pulses  eneecod  each  other. 
The  light  of  flame  would  appear  continuous,  on  the  same  princi- 
ple tliat  the  troubled  portion  of  a  descending  liquid  jot  appOars 
continuous,  although  by  proper  means  this  portion  of  a  jet  can  be 
shown  to  be  composed  of  isolated  drops.    If  wc  cause  the  image 
of  the  flume  to  pass  speedily  over  diflcrcut  portions  of  the  rctinn, 
the  diimgcs  accompany  the  periodic  impulses  will  manifest  thein- 
ff  ^M^TW  in  the  character  of  the  image  tlios  traced. 
Jjj^p.!  took  A  gUsB  tube  3  fbet  3  inches  long,  and  about  an  inch  and 
^^Dg^in  intemal  diameter,  and  phtcing  it  over  a  very  small  flame 
H^fbtefiant  gut  (cotimion  gas  will  also  answer),  obt^ncd  the  fun- 
damental note  of  the  tube :  on  moviug  the  bead  to  and  tro,  the 
image  of  the  sounding  llamo  was  separatixl  into  a  scries  of  dis- 
tinct images ;  tlie  distance  between  the  images  depended  upon 
'  t)  velocity  with  nhich  the  head  wsa  moved.    Tliis  c^iperimcnt 
tlited  to  a  darkened  Iccture-ruom.    It  was  still  easier  to  obtain 
^  ■qHtmioD  of  the  images  iu  this  way,  when  a  tube  0  feet  a 
M  in  length,  and  a  large  flame,  were  made  use  of. 
~ «  auxte  rcNUlt  is  ohtoiiivd  when  an  opera  glass  is  morcd  to 
a  hetmtt  the  eye. 

e  most  coiivcuiont  mode  of  observing  the  flame  is  with 
ror;  and  It  can  be  seen  cither  directly  iu  tiio  minor,  or  by 
^00  upon  a  KXixu. 
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A  lena  of  33  centimetres  focus  waa  placed  in  front  of  a  fliu 
of  comai'iti  gas,  upwards  of  an  inch  long,  and  n  pn]>cr  screm  n 
hnng  Dt  about  6  or  8  feet  distanco  behind  tlic  &uuc.  lu  ttoat  0 
the  lens  a  small  louldng-glasa  was  hold,  which  recoired  the  lig 
that  hud  passed  thnjugh  tho  lena,  and  reflected  it  back  upon  tl 
ecrwn  plaovd  beliind  the  latter.  By  adjusting  the  posidon  oft: 
lenB,  a  well-defined  Inyertcd  image  of  the  flame  waa  obtai 
upon  the  screen.  On  moTing  the  mirror  the  image  was  disphu 
and  owing  to  the  retention  of  the  impressiou  by  the  rctinn,  wli 
the  movement  was  sufflcieotly  speedy  the  image  descrilwil  a  o 
tinuous  luminoua  track.  Bolding  the  mirror  motionless,  the 
foot  6-inch  tube  was  placed  over  the  Game :  the  latter  chati^ 
its  shape  the  inomt'Dt  it  commcaced  to  sound,  rL-maiaing  hnmrf 
well  defined  upon  the  screen.  On  now  moving  the  nurror, 
totally  dUTerciit  efiect  wns  produced :  instead  of  a  contjunot 
track  of  light,  a  aeries  of  distinct  images  of  the  souuding  fla 
was  observed.  The  distance  of  these  iuiages  apart  varied  w 
the  motion  of  the  mirror ;  and,  of  course,  could  be  made,  hy  el 
ably  turning  the  reflector,  to  form  a  ring  of  imngea.  The  expo 
meat  is  beautiful,  and  in  a  dark  roam  may  be  made  risiblQ  to 
large  audience. 

The  experiment  waa  also  raried  in  the  fbllowihg  j 
A  triangular  prism  of  wood  bud  its  sides  coati^d  with  recrtangnl 
pieces  of  looking  gliwa ;  it  was  Buependcd  by  a  Ihreail  with  I 
aiis  vertical ;  torsion  was  imparted  to  the  thread,  and  the  prie 
acted  upon  by  this  torsion,  caused  to  rotate.  It  \iaA  so  plaO 
that  ita  three  faces  received,  in  saccc3;«ii>n,  the  beam  of  tight  w 
from  the  flame  tbrongh  the  lena  in  froDt  of  it,  and  threw  t 
images  upon  the  screen.  On  oommeucing  ita  motion  the  imni 
were  but  slightly  separated,  but  became  more  and  more  so  ax  t 
motion  approached  ita  maximum.  Thia  once  poat,  the  tiniig 
druw  closer  together  again,  unOl  they  ended  in  a  kind  of  liiminoi 
ripple.  Allowing  the  acquired  torsion  to  react,  the  same  series 
efffcts  could  be  produced,  the  motion  bcmg  in  an  opposite  d 
tion.  In  these  experiments,  that  half  of  the  tube  which  v 
turued  towards  the  screen  was  coated  with  lamp-black,  bo  aa 
cut  off  the  direct  light  of  tlie  jet  from  the  screen.* 

•  SiiwD  llicsc  esptirimcuta  wore  made,  S(r.  Wteautwio  Lm  drawa  i 
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a  the  state  of  the  U&me  in  the  intciral  between  two 
a  flame  of  common  gaa,  or  of  defiant  gas,  owes  its 
>  tUc  Eolid  piirliclus  of  carljun  diechargi'd  into  it. 
■  ' bl4W  against  n  luminous  gna-flame,  a  Bound  is  hcird,  a 
snntl  eiplo^n  in  fuct,  and  by  such  a  puiT  the  ligbt-muj  l>o 
c^nscl  to  ilisnppcar.  During  a  windy  luglit  tUu  exposed  gns-jeta 
io  iUp  sfiops  are  often  ilEprivcd  of  tht-ir  light,  and  hum  blue.  In 
Iiki:<  iniuinur  the  eoounon  blowpipojet  deprives  buruing  coal-gns 
of  its  brilliant  light,  I  hence  concLudetl,  that  the  explosions,  the 
trpi-ttlion  uf  which  prodoees  the  mmical  sound,  rendered,  at  the 
tnomciit  they  occurred,  the  combustion  so  perfect  as  to  exlin- 
goidh  Llie  enlid  carbon  particles;  but  1  imngioed  that  tlic  imagca 
1)0  the  ecrocn  would,  on  closer  esaminatinu,  be  found  anitcd  b; 
epttccs  of  bine,  which,  owing  to  their  dimness,  wero  not  seen  by 
the  Dicthod  of  ])TOJection.  Thia  in  many  instancea  was  found  to 
be  Die  cose. 

I  was  not,  however,  prepared  for  the  following  result ; — A 
(UtDo  of  oIcQ.'uit  gas,  rendered  almost  as  small  ns  it  could  be,  woe 
procOTt^d.  The  8-foot  S-inch  tube  was  placed  oyer  it ;  the  flame, 
(in  singing,  became  elongated,  and  lost  some  of  ita  light,  slill  it 
was  tiright  at  ita  top ;  looked  at  in  the  moTing  mirror,  a  beaded 
tide  ot  great  beauty  was  observed ;  in  front  of  each  bead  was  a 
little  luminoDa  star,  after  it,  and  continuous  with  it,  a  spot  of 
I  blue  light,  nhich  terminiLted,  and  left,  us  fur  ns  I  could 
1,  a  perfectly  dark  space  between  it  and  the  next  following 
I  shall  eiaminc  this  further  when  time  })ermita 
i^  but  u  &r  Hs  I  can  nt  present  judge,  the  flame  was  actually 
Jahcd  iind  relighted  in  accordance  with  the  sonorous  pul- 

"WTicn  a  silent  flame,  capable,  however,  of  being  excited  by  the 
I  manner  alfvady  described,  is  placed  within  a  tube, 

■Uenliun  to  llio  fotlonin^  piueni^.  wUioh  proves  tlint  lie  Iind  nlreuijy  mmic 
.  niB  of  ibc  tnudng  mirror  la  cxumiuing  ■  nnging  flume :  '  A  llamc  of  b;- 
^^Jmoi  gn  burning  in  llio  open  air  prcscnU  a  eontJnuoiis  elrcle  En  the 
^^■rot;  but  Khilo  imxliicing  a  nmmil  vitUn  a  gloaa  labp,  regular  ialrnuis. 
^^^B*<lf  IntenMC;  are  obwrrei],  which  [>r«>cnt  a  chain-liko  nppMrnnec,  uid 
^^^Bcalc  tll«iiintc  cOTiUnvtiuna  uul  iliiMatioun  of  the  Oamo  (mmi^pniKling 
^iJuliibe  Kinoroua  vibnuioun  of  the  columa  uf  nir," — rhil.  Tnuie,,  1831,  p. 

CM. 
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and  tliB  coutinuoos  line  of  ligbt  jinxlucod  b;  it  in  tlie  moring 
nutTOT  ia  oliBerved,  I  know  no  esperiniiait  more  pretty  tbon  thk 
resolutian  nf  tliia  liue  iiito  a  etiing  of  richl;  lunuiioua  pvtdii  ■ 
tUe  instaDt  tUc  voice  is  pitched  to  the  proper  note.  Tliia  io»3  b 
done  at  a  considerable  diatance  &i>m  the  jet,  and  tcith  tbe  bad 
turned  towards  it. 

The  cLungc  produced  iu  the  line  of  beuda  when  a  tniutig-fii^ 
capable  of  giving  bcata  with  tke  flame,  is  brought  over  the  tub* 
or  over  a  resonant  jar  near  it,  is  alw  citrcmelj  interosting 
obseiTC-  I  will  not  at  present  cater  into  a  more  nuiiute  dcBcrif 
tiou  or  these  reaulte..  Su^ctcnt,  I  trust,  lias  been  naid  to  indm 
cxi>cTimenterB  to  reproduce  the  effects  for  theineelvcs ;  tlie  n^ 
of  Ihcm  will  ^TQ  more  pleasure  than  unj  dt;scrii>tion  of  mui 
tould  possibly  do. 


TK4N8IAT10N  OF  A  PAFEE  ON  AOOVBTIC  ESPEEIMENT9.  • 

A  glass  tube  open  at  both  ends,  when  ^mply  blown  upon  t; 
the  month,  gives  its  fundamentnl  tone,!,  e.tbedcepeat  toncbelonj 
ing  to  it,  as  an  open  organ-pipe,  feebly  but  distinctly.  On  ^liujn 
the  open  band  upon  one  of  th  o  opouings  and  rapidly  witUdrai 
ing  it,  the  tube  jielda  two  notes,  one  after  tbe  other;  first  0 
fundamental  note  of  the  elosed  pipe,  and  then  tbe  note  of  tl 
open  pipe,  already  mentioned,  which  is  n«  efface  highrr.  By  t] 
application  of  heat  these  fundamental  tones,  nf  which  only  tl 
higher  one  will  lie  taken  into  consideration  here,  die  raised,  as 
well  known;  tbia  is  oljseryed  immediatfly  on  blowing  upon 
tnbc  hcatoil  cxtcninlly,  or  by  a  gas-flame  burning  in  ita  infaria 
For  example,  a  tube  242  millimi).  in  length,  and  SO  aiillims.  i 
diameter,  hcitU'd  throughout  ita  whole  length,  when  blown  upc 
even  before  it  reaches  a  red  heat,  givi^s  a  tone  raised  a  maji 
third,  namely,  the  second  G  sharp  in  the  treble  clef,  instead  of  tl 
corrcsiHinding  G,  If  a  gas-flame  14  millims.  in  length,  and 
millim,  in  breadth  ut  the  bottom,  i^  burning  in  the  tul^c,  the  toi 
rises  to  Oie  second  treble  F  sUaip.    The  miiue  gu-flaBUi  nw 

•  Bj  Coiuit  SohiUlfeoWeh:  Phil.  Mnp.,  Dewuiljfr  1867. 
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f  a  tabo  373  millims.  iu  Icugth,  nnd  21  millimfl,  in 
kJth,  tmm  the  second  treble  D  to  tUc  correspondiiig  E.  TIieso 
)  tubes,  which  for  brevity  will  hereollor  be  referred  to  as  the 
w  and  the  D  tube,  eerrod  for  all  the  foUon-ing  oxporimeuts, 
e  object  of  whicli  whs  to  show  a  veil-known  and  by  no  mcana 
rpmiog  fact,  in  a  Btriking  manner,  namely,  that  the  ctdumn 
a  tube  is  set  la  Tibratiun  when  itn  fundamental  tone,  or 
e  nearly  alliiid,  for  esampls,  an  octave,  ia  eounded  outside  the 
existence  of  the  atrial  vibrations  wna  rendered  per- 
itible  tiy  a  column  of  smoke,  a  curreat  of  gas,  and  agaaflamc, 
.  A,  glimmering  smoky  taper  was  placed  cloao  under  Uie  E 
i  held  purpcndicularly,  and  the  emoke  passed  through  the 
e  in  the  form  of  a  uniform  thread.  At  a  dislanco  ori-5  metro 
a  the  tube,  Uio  first  treble  E  was  sung.  The  smoke  curled, 
il  it  qipeared  as  if  a  part  of  it  would  be  forced  oat  at  the  upper, 
i  the  other  part  at  the  lower  opening  of  the  tube. 
0.  Two  gas-burners,  1  millim.  in  the  aperture,  were  applied 
~i  otbcr  to  the  same  conducting  tube.  Common  gas 
d  from  both  of  them ;  one  projected  from  below  into  the  D 
IT  about  oue-fiflh  of  its  length ;  the  gas  tiame  of  the  other 
8  millims.  in  height.  At  a  distance  of  1-S  metro  thcrerrum 
it  treble  D  was  sung ;  Ibe  flame  iocrctiBcd  several  timca  in 
tdlh  and  height,  and  conscquentlf  in  eize  generally ;  a  larger 
intity  of  gas  tbereforo  flowed  »mt  of  tbo  outer  burner,  which  can 
f  be  enphuned  by  a  diminution  of  the  Btrcam  of  gaa  in  the 
IT  burner,  that  is,  in  the  one  surrounded  by  the  glass  tube. 
.  A  burner,  with  an  aperture  of  1  millim.  projecting  from 
w  into  the  D  tube,  about  80  nullims..  yielded  a  gas  flamo 
|| millims.  in  length.  At  50  mctnv  tberefrom  the  first  treble  £ 
:  tke  flame  was  instantoneoualy  extinguished.  The  soma 
S  took  place  at  7  inotrea,  when  tlie  flame  is  only  ID  millims. 

t,  and  the  first  treble  D  sharp  is  sung. 
i.  The  iaat-mcntioncd  flamQ  is  also  extinguished  by  the  note  Q 
p  Bounded  close  to  it.    Noises,  such  as  the  clapping  or  hands, 

g  a  chair,  or  shuttiag  a  book,  do  not  produce  this  effect. 
0.  A  burner  with  an  aporlme  of  00  millim.,  projecting  from 
bolow  80  roillims,  iuto  the  D  tube,  yielded  a  globular  gas  flams 
8  io  S'5  millims.  in  diameter.    By  gra«lually  closing  a  stopcock 
le  of  gaa  wna  more  and  more  limited.    The  fliuue  sud- 
13* 
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dcnlj  bcCBmo  mneli  longer,  but  at  the  samo  time  narrcwer, 
uearlj  cjluidiical,  acquiring  a  blaisb  color  tbroiigbout,  aiid 
the  tube  a  piercing  second  treble  D  was  eotmded ;  thia  is 
pbenomenon  of  the  so-called  chemical  liannunicu,  which  hu  bem 
known  for  eighty  years.    When  the  stopcock  a  atill  fluther 
closed,  the  tone  becomes  stronger,  the  flami.'  longer,  nuTower,  and 
nearly  spindle-shaped ;  at  lost  it  disappears. 

An  effect  exactly  similar  to  that  caused  by  cutting  off  I 
gas  is  prodaced  upon  the  small  gas  flame  by  n  D,  or  the  fi; 
treble  D,  song  or  sounded  from  inetrumenta ;  and  in  this  cose 
is  to  bo  observed  tltut  the  flame  generally  bocomea  the  more  sea 
tive  the  smaller  it  is,  and  the  further  the  burner  projects  into  t 
glass  tube. 

<i.  The  flame  in  the  D  tube  was  3  or  3  millitne.  in  Icogtli ; 
a  distance  of  I0'3  metres  (more  than  51  feet)  from  it,  th«  fii 
treble  D  was  sounded.  The  flame  immediately  acquired  the  ■ 
usnal  form,  and  the  second  treble  D  sounded  and  cuntinued 
sound  from  the  tnbe. 

7.  While  the  Hecood  treble  D  of  the  preceding  experimmt  w 
sounding,  the  first  treble  D  n-as  sounded  loudly  close  to  the  tttl 
when  the  flame  became  excessively  elongated,  and  then  diss 
pcored, 

8.  The  flame  being  only  I'S  milllm.  in  len^,  the  first  tiel 
D  was  sounded.  The  fiame  gave  out  the  second  treble  D  (ai 
perhaps  sometimes  also  a  higher  D)  only  for  a  moment,  and  d 
appeared.  The  flume  is  also  ofiectcd  by  various  D's  of  an  n 
justible  labial  pipe,  by  the  contra  D,  D,  D,  the  first  trcbk'  D,  a: 
the  second  treble  D  of  a  harmonium,  but  by  no  single  C  aliorp 
D  sharp  of  tliis  powerful  instrument  It  ia  also  afTectcd  by  t 
third  treble  D  of  a  clarionet,  although  only  when  ijuite  elm 
The  sung  note  also  acts  when  it  b  produced  bj  inspiration  (in  t] 
case  the  sccoud  treble),  or  when  the  mouth  is  turned  tnm  ti 
flame. 

9.  In  immediate  proximity  the  nolo  G  sung  is  cflcctive. 
Borne  influence  is  osertcd  by  noises,  but  not  by  all,  and  oft 

not  by  the  strongest  and  nearesl,  evidently  because  tite  excttii 
tone  is  not  contained  in  tliODi. 

10.  The  flame  bummg  quietly  in  the  interior  of  the  D  till 
was  about  2'3  mJllirus.  in  length.    In  the  ucxt  room,  the  door  < 
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wbicli  was  open,  the  four  legs  of  n  chair  were  etnmped  aiiuiilta- 
neously  upon  tUe  wooclwi  floor.  The  phi^nomcnau  of  the  cLcmi- 
cdl  bormoDicB  immeitlately  occurred.  A  very  smnll  Bauio  is  of 
ccmru  extiDgniahed,  after  sounding  for  ao  instant,  by  tliB  noise 
of  K  diair.  A  laDnbouriae,  ivtien  struck,  acts  sometimes,  but  in 
general  not. 

11.  Tho  flamo  burning  in  the  eidted  singing  condition  in  tlic 
bttnior  of  the  D  tnbe,  tho  latter  was  slowly  raised  aa  liiyli  iia 
posnble  witliout  cnusing  the  return  of  the  flunc  to  the  onliunry 
oonditioQ.  Tlio  note,  tbc-  first  treble  D,  was  sung  strongly  and 
brokttt  nff  nddntlji  at  a  diHtaaoe  of  IS  metre.  Tlie  harmonic 
Urns  ceased,  and  the  flame  fell  into  a  state  of  repose  without  being 
extinguished. 
I  IS,  The  tame  result  was  prodaced  by  acting  upon  the  dmnght 
~  '  '  1  the  tnbe  hy  a  fumiing  motion  of  tbe  open  hand  close 
« the  npprr  aperture  of  the  tuljc. 

1.  In  the  D  tube  there  were  two  burners  close  together ;  one 
em,  0*0  niillim.  in  aperture,  opened  G  millims,  below  the 
r,  the  diameter  of  wliicU  was  I  millim,  or  more.    Currenta 
,  independent  of  eacli  other,  flowed  out  of  both ;   that 
g  from  the  narrower  bucner  lieing  very  feeble,  and  burning 
I  igQilcil,  with  a  flame  iibout  1-3  millim.  In  length,  nearly 
ibiu  Id  tlio  day  ;  Ilie  first  treble  D  was  sung  at  a  distance  of 
t  metre*.    The  strong  rurrcnt  of  gas  was  immediately  in- 
I  bec-aasc  the  little  flume  situultd   below  it,  beconiLig 
led,  flared  up  into  it.     Uy  a  Etrongcr  action  of  the  tone, 
11  flame  itself  is  extinguished,  so  that  an  actual  transfer 
«  flame  from  one  bnmor  to  the  other  takes  place    Soon  after- 
I  Uie  feeble  current  of  gns  is  usually  again  inflamed  by  the 
«  flame,  and  if  the  latter  be  again  extinguished  alone,  ercry- 
is  raady  for  a  rrpctition  of  the  ciperimcnt. 
Ll4.  TIki  same  result  is  fumisheil  by  stumping  with  the  duiir. 
It  Is  eTideut  that  in  this  way  gas-flames  of  oiiy  desiicd 
>  and  any  mcchimlcal  action  may  bo  produced  by  musicDl 
»  and  noises,  if  a  wire  stretched  by  a  weight  he  passed  through 
lua  tsbe  in  nich  a  way  that  the  flaring  gas-flume  murtt  bum 
it 

^  If  the  flnmo  of  Iho  chemical  hamionlca  be  looked  at  stead- 
r,  ind  at  tlic  same  time  the  head  be  moved  rapidly  to  the 


800  ATPKSBix  TO  LEcrCHE  vm. 

right  and  left  Bltonatolj',  an  nmntcnupted  streak  of  ligbt  is 
seen,  sucli  as  is  ^vcn  by  every  other  Inminnas  boily,  bitt  a 
of  closely  approxiinated  Sonieg,  and  often  dcntated  and  tmdnl 
figurcB,  especially  when  tubes  of  u  metre  und  flimtes  of  a  cenU- 
aetre  in  length  ue  employed. 

This  experiment  also  succccda  very  cnsily  withnot  moTiag 
the  eyes,  when  the  fianie  is  looked  at  tliroogh  an  operm-gla^  the 
obJcf^t-gltisB  of  which  U  muT«d  rapidly  to  Hnd  {ro,  or  in  u  ciiclt^ij 
aud  also  when  the  picture  of  the  flame  is  observed  i 
mirror  eliakeu  about    It  is,  however,  only  a  Tariatiua  of  t 
cxpcriiuciit  long  since  described  and  explained  bj  Wkmtsl 
fi>r  which  a  mirror  tunied  by  watchwork  was  employed. 

[It  isperliofis  but  riglit  that  I  ebould  draw  atteatjon  in  the  rclnliaita 
[Iju  ruregobg  popar  lo  cue  thst  I  have  published  on  the  aaioenityecl. 
Mu J  0,  and  tfae  da;rB  umnudiatclj  following,  the  principal  ttna  iliwilbwl  1| 
my  paper  iFcrediscoyoruiI;  but  on  April  30,  the  forogoji^  remltsn 
uonununitatcd  by  Prof.  Poggendorff  to  the  Acailemr  of  ScieDou 
Through  the  kiadtiesa  of  Mr.  SohalTgotsch  hiniBelf,  I  ntiiroJ  h 
Cbnrnouoi,  man;  nceks  after  the  publication  of  my  otni,  iwd  until  thaj 
vnia  not  uvmro  of  hia  having  coniinuod  hia  cxpcrimcnu  upon  t! 

We  thus  worked  iudcpendenlly  of  each  other,  but  aa  far  sn  the  lU 
i«l  iihunomnun  arc  rainunon  to  bolli,  all  the  niorit  of  priorUy  resB 
CouDt  Schaffgolsek— J.  T.] 


HAVE  Bai<:l  that  the  intendty  of  rndiant  heat  dlmm- 

8  with  the  distODce,  as  light  diminishfs.    What  is 

i  bw  of  diminuttoo  for  light  ?    I  have  here  a  square 

t  of  paper,  each  side  of  the  square  nicaauring  two  feet ; 

t  fold  it  thus  to  form  a  smaller  square,  each  side  of  wliich 

■  a  foot  in  length.    The  electric  lamp  now  stands  at  a  dis- 

IDCe  of  sixteen  feet  from  tho  screen ;  at  a  distance  of 

I  ttol,  that  is  exactly  midway  hetvrccn  the  screen  and 

lit)  laniji,  1  hold  tliU  square  of  paper ;  the  huup  is  naked, 

unrruiiodcil  l>y  its  r^imera,  and  the  rays,  uninfluenced  by 

)tiy  IcnD,  nre  cmltlcd  on  all  sides.     You  see  the  shadow  of 

4  Nquurt*  of  paper  on  the  screen.    Sly  as^^Utani  shall  racae- 

a  the  liouiidnry  of  tiiat  shadow,  and  now  I  nnfold  my 

f  paper  eo  us  to  obtain  Ute  original  large  S'luai-c ; 
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you  eee  by  tlie  creasPB,  that  it  is  exactly  four  times  the  an 
of  the  smaller  onti.  I  place  this  large  sheet  against  tJ 
screen,  and  find  that  it  exactly  covers  the  ppace  former 
occupied  by  tlie  shadow  of  the  aniall  square. 

Od  the  small  square,  therefore,  when  it  atoofl  midwa 
between  the  tamp  and  screen,  a  quantity  of  light  fell  whio] 
when  the  small  square  is  removed,  is  diSn^ed  over  foi 
times  the  area  upon  the  scrci^n.  But  if  the  same  quantit 
of  light  is  ditTuscd  over  lour  times  tlie  area,  it  must  be  d 
ted  to  one-fourth  of  its  original  iutcnsity.  Hence,  1 
doubling  the  diBtance  from  the  source  of  light,  M 
tlio  intensity  to  one-foiitth.  By  a  precisely  similar  mo< 
of  experiment  wc  could  prove,  that  by  trebling  llie  S\ 
tance  we  should  dimini'tli  the  intensity  to  one-nintli ;  as 
by  quadrnpling  tbo  distance  we  should  reduce  the  intensit 
to  one-sixteenth :  in  abort,  we  thus  demonstrate  the  lai 
that  the  intensity  of  light  diminishea  aa  the  square  of  tl 
distance  increaaea.  This  is  the  celebrated  law  of  Io\'«n 
Squares  as  applied  to  light. 

But  I  have  said  that  heat  diminishes  according  to  t| 
same  law.  Obseice  the  experiment  which  I  am  now  aboi 
to  perform  before  you.  I  have  here  a  tin  vessel ;  narro^ 
but  presenting  a  side  a  square  yard  in  area,  mn  (fig.  62 
This  side,  you  obser^■e,  I  have  coated  with  lampblack. 
fill  the  vessel  witii  hot  water,  inleudtng  to  make  this  li 
surface  my  source  of  radiant  heat,  I  now  place  the  conia 
reflector  on  the  thermo-electric  pile,  p,  but  instead  of  pa 
milting  it  to  remain  a  reflector,  I  push  into  Ihe  LoUow  coti 
this  lining  of  black  paper,  wliich  fits  exactly,  and  wliid 
instead  of  reflecting  any  heat  that  may  fall  obhquely  on  il 
completely  cuts  off  the  oblique  radiation.  The  pile  is  noi 
connectcil  with  the  galvanometer,  and  I  place  its  r^ccto 
close  to  ihis  largo  radiating  surface,  the  ftee  of  tlio  pQ 
being  about  six  indies  distant  from  the  surface. 

The  nocdio  of  the  galvanometer  moves:  let  it  mow 
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Dtil  it  bakes  up  its  final  position.    It  now  pointH  steadily 
a  60°,  and  tliere  it  will  remMii  as  long  as  the  lemjierttturo 


r  the  radLitiag  anrfaco  remains  Bonsibly  constant.  I  will 
ibw  gradually  nitlidraw  the  pile  from  the  surface,  and  will 
I  U)  observe  the  effect  npon  the  galvanometer.  Of 
o  you  htII  expect  tliat  as  I  retreat  from  the  source  of 
e  ittlensity  of  the  heat  will  diminish,  and  that  the 
m  of  the  galvanometer  will  diminish  in  a  corre- 
ing  degree.  I  am  now  at  double  the  diat-jnce,  but  the 
)  does  not  move ;  I  treble  the  distance,  the  needle  is 
II  ulationary ;  I  succcssivoly  quadruple,  qiuntiiple — go  to 
1  times  the  distance,  but  the  needle  is  rigid  in  its  adher- 
9  to  the  deflection  of  60°.  Tliere  is,  to  all  appearance, 
ti  diminatioii  at  all  of  intensity  with  the  increase  of  tlJs- 


Prom  this  experiment,  wliich  might  at  fir^*t  sight  appear 

il  In  the  law  of  inverse  squares,  as  applied  ti>  heat,  5IoI- 

L,  in  the  roost,  ingenions  manner,  proved  the  law.     Slark 

»  reasoning.     I  again  place  tho  pile  close  to  the  mdinting 

Imagine  the  hollow  cone  in  front  of  the  pile  pro- 

d ;  H  would  cut  the  mdiiithig  surface  in  a  circle,  and 
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tbia  drcle  u  the  only  ponion  of  the  surfuco  vboso  r 
roach  the  pile.    All  the  other  rays  are  cut  off  by  the  nqj 
reflecting  liuiug  of  the  coiie.    I  move  the  pile  to  double  t! 
distance ;  the  eection  of  the  cone  prolonged  n 
a  drele  of  tho  radiallng  surface  exactly  four  times  the  a 
of  the  Ibrmer  circle ;  at  treble  the  distoace  tlio  radiatii) 
surface  is  atignicntcd  tiiae  times ;  nt  ten  limes  tbo  d 
the  radiatmg  surface  is  aiigmunted  100  times.    But  I 
constancy  of  tho  deOcction  provoB  that  tho  augmentalii 
of  the  radiating  surface  must  be  «xaotly  Qeutralised  by  tj 
diniinution  of  intensity ;  the  radiating  surface  augments  m 
the  square  of  the  iUatanco,  hence  the  iuttiOiiity  of  tho  1 
miat  diminisli  cm  tlui  square  of  the  diattOKcj  and  tfana  I 
experiment,  which  might  at  first  Bight  appear  fatal  to  ti 
Ian-,  demonstrates  the  hiw  In  tho  most  emiplo  and  cond 
sive  manner. 

Let  ua  now  revert  for  a  moment  to  our  fundamei 
GonceplionB  regarding  radiant  heat.     Its  origin  ii 
latory  motion  of  the  ultimate  parlielca  of  matter — amotii 
taken  up  by  tho  other,  and  propagated  through  it  in  wave 
The  particles  of  ether  in  these  waves  do  not  oEciUate  i: 
samo  manner  aa  the  piirticles  of  lur  m  tho  case  of  sow 
The  air-partioleB  move  to  and  fro,  in  the  direction  in  •wiam 
tiio  sound  travels,  tho  ether  particles  move  to  and  f 
across  the  line  io  which  the  light  tra^vls.    The  nndulatu 
of  the  air  arc  loii^tudinal,  the  undulations  of  the  etiior  a 
transversal.    The  ether  waves  resemble  more  the  rippl 
of  water  than  thoy  do  tho  aerial  pulses  which  prodtd 
Bound  ;  that  this  is  the  case  has  been  inferred  from  opti 
phenomena.    But  it  is  miuiifest  that  the  disturbance  ptd 
dnced  in  the  ether  must  depend  upon  the  character  of  t" 
oscillating  mass ;  one  atom  may  be  more  unwieldy  than  a 
other,  and  a  dingle  atom  could  not  he  expected  to  prodm 
so  gre..at  a  disturbance  as  a  group  of  atoms  oscillating  a 
system.    Thus,  when  diffeient  bodies  are  heated,  W6  mj] 
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riy  expect  that  Uiey  will  not  all  create  ibo  same  amount 

I  disturbance  iu  the  ether.    It  ia  probable  that  some  will 

mooioato  a  greater  amount  of  motion  than  others ;  iu 

f  words,  that  somg  will  radJjUo  moro  copiously  than 

■s ;  for  rotation,  strictly  defined,  w  the  communication 

motion  ffom  tlie  parliclea  of  a  liealed  body,  to  the  ether 

■•cAtcA  these  particka  are  immersed. 

1  Lot  oa  now  test  tfaia  idea  by  experiment.    I  have  here 

nbical  vessel,  c  (6g.  B3) — n  '  Leslie's  cube ' — so  called 

a  its  liavmg  been  used  by  Sir  Jolm  Leslie  in  bis  beauti- 

\  rencarchoB  ou  radiant  heat.     The  mass  of  the  cube  ia 

:,  bot  one  of  its  sides  ia  coaled  witb  a  layer  of  gold, 

r  with  a  Liver  of  silver,  a  third  with  a  layer  of  cop- 

:,  while  the  fourth  I  have  coated  with  a  vanusli  of  isin- 

1  fill  the  cube  with  hot  water,  and  keeping  it  at  a 

mce  from  the  thenuo-clectrio  pile,  P,  I  allow 


Pfenr  feces  to  radiate,  in  mcceseion,  againat  the  pile. 
B  hot  Ko\A  Bnrfnce,  you  see,  produces  scarcely  any  dcfloo 
lot  rilvcr  ia  equally  inoperative,  Uie  Batue  ia  tho 
ropjier ;  but  when  I  turn  llim  vuniiKlied  but- 


face  towards  the  pile,  the  gush  of  beat  liecnaics  siiildei^ 
aogmentoil ;  and  the  needle,  as  you  see,  inoves  up  lo  il 
Stops.     UuDce  wo  infer,  that  throngh  some  physical  c 
or  other,  the  moleculus  of  the  vamiiih,  when  set  iu  motia 
by  the  hot  water  within  the  cube,  commnnicate  inorc!  ti 
lion  to  tiie  elher  than  tlic  atoms  of  the  metaJs : 
words,  the  vumisb  ia  a  better  radiator  than  the  metjils  a 
I  obtain  a  Bimilar  reanlt  when  I  compare  this  silver  leapt 
with  this  earthenware  one  ;  filling  them  both  with  boilinj 
water,  the  wlvcr,  yon  see,  produces  bat  little  effect,  wlu 
the  radiation  from  the  earthenware  is  so  copious  as  to  drirf 
the  needle  up  to  90°.    Thus,  also,  if  I  compare  this  pew 
pot  with  this  glass  beaker,  when  both  are  filled  mth  b 
water,  the  radiation  from  the  glaaa  ia  much  more  pow 
than  that  from  the  pewter. 

You  have  often  heard  of  the  effect  of  colonrs  o 
lion,  and  heard  a  good  dc.il,  no  doubt,  which  is  unwarr 
ed  by  experiment.     I  ha^e  here  a  cube,  one  of  w 
is  coated  with  whiting,  another  with  carmine,  a  third  V 
lampblnck,  while  the  fourth  is  left  uncoatod.    I  present  tl 
black  surface  first  to  the  pile,  the  cube  being  filled  wifl 
boiling  water ;  the  needle  moves  up,  and  now  potnta  b' 
ily  to  65".    The  cube  i-csts  upon  a  Utile  turn-table,  and  U 
turning  the  support  I  present  the  white  fuce  to  the  piM 
the  needle  remains  stationary,  proving  that  the  radiatidf 
from  tJio  white  surface  is  just  as  copious  as  that  from  t"^' 
black.     I  turn  the  red  sarface  towards  the  pile-,  there  is  n 
change  m  the  position  of  the  needle.     I  turn  the  uneoat« 
side,  the  needle  instantly  faUs,  proving  the  inferiority  a 
the  metallic  surface  as  a  radiator.     I  repeat  precisely  tJ 
same  experiments  with  this  cube,  the  sides  of  winch  a 
covered  with  velvet ;  one  face  with  black  velvet,  i 
with  white,  and  a  third  with  red.    The  results  are  precis! 
ly  tlie  same  as  in  the  former  instances ;  tlie  three  tvIvI 
surfaces  radiate  alike,  while  the  naked  surt'aw!  radiates  lefl 
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than  any  of  tbem.  These  experiments  ebow  that  tlic  radia- 
tion from  tbe  dotlita  wliioh  cover  the  human  Ijody,  is  inde- 
I'liident  of  the  eoluvi"  of  these  clothes ;  tbo  colour  of  na 
:j!iLual'*  fur  ia  eiinally  iooompeteut  to  inflac-nce  the  radia- 
"11.  These  are  the  concluBions  arrived  at  by  MvUoni  fur 
viavre  heat.* 

But  if  the  cont«d  surface  communicates  more  motion  to 
lljp  ether  than  the  nncoated  one,  it  necessarily  follows  that 
tlio  coated  vessel  will  cool  more  quickly  than  the  uncoatyd 
one.  I  liave  here  tivo  cubes,  one  of  which  is  quite  coated 
T.itli  lampblack,  while  the  other  is  bright.  At  the  com- 
miincement  of  the  lecture  I  poured  boiling  WTitor  into  theao 
vwsels,  and  placed  Ln  each  a  tlicnnometer.  A  short  tune 
*gol)otii  thermometerB  showed  the  same  temperature,  but 
now  one  of  them  is  two  degrees  below  the  other.  The  ve- 
luaiy  of  cooUng  in  one  vessel  is  greater  than  in  the  other, 
■wil  the  vessel  which  coola  quickest  is  the  coated  one.  Here 
^^  two  vessels,  one  of  which  is  bright  and  the  other  clnse- 
')■  Mated  withflamiel.  Half  an  hour  ago  two  thermometers 
I'lungi-d  in  these  vessels  ehowed  the  same  temperature,  but 
'TOj  Bbow  it  no  longer  ;  the  covered  vessel  has  now  a  tern- 
PWature  two  or  three  degrees  lower  than  tlio  naked  one, 
"■  i»  usual  to  preserve  the  heat  of  teapots  by  a  woollen 
<Wcrini;,  but  the  cover  must  fit  very  loosely.  In  this  case, 
i'magh  the  covering  may  be  a  good  radiator,  its  goodness 
■  more  than  counterbalanced  by  the  difficulty  encountered 
'y  l!iP  heat  in  reaching  the  outer  surface  of  the  covering. 
4  closely  fitting  cover  would,  as  wc  have  seen,  promote  tite 
1  it  is  intended  to  dimiuid),  and  thua  do  more 

D  than  good, 
e  of  the  most  interesting  points  connected  with  nur 
t  U  the  reciprocity  which  ciifits  botween  llio  power 

J  Ibe  afpIlciitKin  oT  a  wm  ponr^l  nutl  delicate  ti»t  thsn  tbil 
4  \(J  McUgnl,  I  flnil  that  hii  concliuiona  will  require  nodificatioa. 
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of  a  liody  to  communicate  motioa  to  llie  ctlicr,  4 
site ;  and  its  capacity  to  accept  motion  from  tbe  ether,  ( 
to  absorb.    As  regards  rndiation  wc  have  already  compa 
lampblack  nnd  cbuik  with  motallio  suriaccs  ;  we  will  001 
compare  the  same  siibstauccfl  wiili  refereoco  to  their  po«i 
of  nbfiorplioD.    I  Lave  here  two  sheets  of  tin,  u  k,  o  r  (8^  ' 
84),  one  of  them  coated  with  whiting  and  the  <rtier  left 
uncoated.    I  place  thorn  thus  parallel  to  eadi  other,  and 

Fig,  64. 


at  n  distance  of  about  two  feel  aeunder.     To  the  e^gol 
each  sheet  I  have  soldered  a  screw,  and  from  one  Bcrew-^ 
ehe  other  I  stretoli  a  cop]>er  wire,  a  b,  which  now  c 
the  two  eheets.    At  the  back  of  the  sheet  I  have  solder 
one  end  of  a  little  bar  of  bismuth,  to  the  other  cod.  e, 
whidi  a  wire  is  solderi'd,  and  tcnniuated  by  a  bindi 
tcrew.     To  these  two  binding  Bcreiva  1  attach  the  two  e 
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of  the  wire  commg  from  my  galvanometer  st  G,  tati  you 
observe  I  have  now  an  nnbrokcn  circuit,  in  which  the  gal- 
\-anomctpr  is  inctnded.  Yoii  know  already  what  the  bis- 
muth bars  are  intended  for.  I  placo  my  warm  finger  oa 
thia  loft-hand  one,  a  current  ia  immediately  developed, 
which  pftsses  from  the  bismnth  to  the  tin,  thence  through 
tho  wire  connecting  the  two  sheets,  thence  round  the  gal- 
Tanomettr,  to  the  point  from  wUch  it  started.  You  ol>- 
..  serrc  the  effect.  The  needle  of  llio  galvanometer  moves 
h  a  large  arc  ;  the  red  und  going  towards  you.  Tho 
Ction  of  tin  and  bismuth  is  now  coolbg,  the  needle  re- 
i  lo  0",  and  now  I  will  place  my  finger  upon  the  bia- 
mtith  at  tho  hack  of  tlio  other  plate — you  see  tlie  effect — a 
lar^  deflection  in  tho  ojipofiite  direction  ;  the  red  end  of 
tho  newlle  now  comes  towards  me.  I  withdraw  my  finger, 
■^Ab  junotion  cools,  and  onoe  more  the  needle  sinks  to 

^^"  I  «t  this  Btand  esactly  midway  between  tho  two  sheets 

of  tin,  and  on  the  stand  I  intend  to  place  s.  licatcd  ci>ppcr 

luaJI ;  the  ball  will  radiate  its  heat  against  both  ehwts ;  on 

Uio  right,  however,  the  rays  will  strike  upon  a  contcd  «ur- 

^^HSe,  wbilc  on  tho  left  they  will  strike  upon  a  naked  metal- 

^H&  surface.     If  both  surfaces  drink  in  the  radiant  heat — if 

^Hptath  a>cce])t  witli  cipial  freedom  the  motion  of  the  ethercnl 

^^TBTW — the  bismuth  jimctions  at  the  baelu  will  be  equally 

warmed,  and  one  of  them  will  neutralise  the  other.    But 

if  one  Borface  be  a  moi'C  powerful  absorber  than  the  other, 

that  which  afaKorbs  most  will  heat  its  bismuth  indicator 

Toost ;  a  deflection  of  the  galvanometer  needle  will  be  tho 

ooDMMjuencc,  and  the  direction  of  the  Reflection  will  tell  us 

■liich  is  the  best  absorber.    The  ball  is  now  npon  tho 

I,  and  you  see  we  have  not  long  to  wait  for  a  decision 

0  question.    The  prompt  and  energetic  deflection  of 

"i  informs  us  that  the  coated  surfaco  is  tho  most 

(rcrful  ahsorhor.     In  the  sunn.'  way  I  ciimpuro  lampblack 
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and  varnish  with  tin,  and  find  the  two  former  by  fer  iJ 
beat  absorbers.* 

Tlic  tbiimeet  met^lic  coating  fiunisbos  a  powerful  i 
fence  against  tbe  absorption  of  radiant  Iicat.  I  bsve  b 
a  siieot  of  '  gold  paper,'  the  gold  being  merely  copper  i 
duced  to  great  tenuity.  Here  is  a  red  powder,  the  iodi 
of  mercury,  with  which  I  coat  the  under  surface  of  the  gold 
paper.  This  iodide,  aa  many  of  you  know,  haa  ita  red  ccil- 
our  discharged  by  heat,  the  powder  becoming  a  pale  yel- 
low. I  lay  the  paper  flat  on  this  boai'd  -with  the  coloured. 
Burfaco  downwards,  and  on  this  upper  metallic  surface  1 
paste  jweces  of  paper — common  letter  paper  will  answer  n 
jiurpose.  A  figure  of  any  dedred  shape  ia  tlma  formed  n 
the  BiiTfac«  of  the  copper,  I  now  take  a  red-hot  spatula  1i 
my  hand  and  pass  it  several  times  over  the  ehcet;  1" 
spatula  radiates  strongly  gainst  the  sheet,  bnt  T  nppre 
this  its  rays  aro  absorbed  in  very  different  degrees.  "Htl 
Dietallio  surface  will  absorb  but  little ;  the  paper  sur& 
will  absorb  greedily ;  and,  on  turning  up  tho  sheet,  yoa  a 
the  ellbct :  the  iodide  underneath  the  metallic  portion  i 
perfectly  imchangcd,  while  under  every  bit  of  paper  tl 
colour  is  discharged,  thus  forming  below  an  exact  copy  ^ 
tbo  figure  pasted  on  tho  opposite  surface  of  tJio  t' 
Here  is  auotber  example  of  "tfie  same  kind,  for  which  1 1 
indebted  to  Mr,  Uill,  of  the  establishment  of  Mr.  Jaa 
Bell  in  Oxford  Street.  A  hot  file  sent  its  rays  against  tl 
panted  piece  of  wood  {fig.  85),  on  which  the  number  9i 
was  printed  in  gold  leaf  letters ;  tho  paint  is  blistered  ■ 
chaned  all  round  the  letters,  but  underneath  tho  Litter  ti 
\vood  and  paint  are  quite  unafiectcd.  This  thin  film  i 
gold  haa  been  quite  sufiicient  to  prevent  the  absorption,' 
which  the  destruction  of  the  surrounding  sttrface  ia  due.  j 
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He  luminiferons  other  fills  sUJLir  space  ;  it  makes  tlio 
uvereo  a  whole,  and  rt-ndfra  the  liitL-rcomiuHuicalion  of 
^l  anil  eiifrgy  between  tifcir  and  stir  poHsible.  But  tlie 
btlc  Bobstaucu  penetrates  further ;  it  aiirroiinila  llie  very 


0  of  solid  and  liqaid  substances.    Transparent  bodies 

e  snob,  because  the  ether  and  tbeir  atoms  are  so  related  - 

1  «ach  other,  that  the  naves  which  excite  light  can  pass 

through  them,  without  transferring  their  motion  to  llio 

aloDis.    In  coloured  bodies  certain  waves  are  broken  or  !ib- 

Borbod ;  but  those  which  give  the  body  its  colour  yAss 

jwitbout  loss.    Through  this  solution  of  sulphate  of  copper, 

Hir  oxample,  the  hluo  waves  speed  unimpeded,  but  the  red 

Pm^'vs  are  destroyed.    I  form  a  spectrum  upon  the  screen ; 

^^VbdC  through  this  solution  you  see  the  rod  end  of  the  spec- 

tmtn  is  cut  away,    Tliis  piece  of  red  glass,  on  the  contrary, 

owes  it!)  redness  to  the  fact  that  its  substance  can  be  trav- 

1  freely  by  the  longer  undulation  of  red,  while  the 
r  waves  are  absorbed.    Interposing  it  iu  the  path  of 

B  tight  you  SCO  it  cuts  the  blue  end  of  the  spectrum  quite 
Biy,  leaving  merely  a  vivid  red  band  upon  the  screen. 
»  Uuc  liquid  then  cuts  off  the  rays  which  arc  trnnsmit- 

I  by  ihu  rod  glass ;  ajid  the  red  glass  cuts  off  the  rays 
hicli  are  transmitted  by  the  liquid  ;  by  the  union  of  both 
D  ouglit  to  have  perfect  opaeily,  nnd  so  we  have.     When 


31is  r.KtTTJBE   IX. 

both  am  plncc<1  in  tlie  path  of  the  bcani,  the  entire  S| 
trum  diaappoar j ;  the  union  of  thc^e  two  traneparent  boS 
produce  an  opacity  equal  to  that  of  pitch  or  coal. 

I  have  liere  another  liqotd — a  solution  of  th«  pen 
ganate  of  potash — which  I  introdnce  into  tlic  path  of  till 
boiim.    See  Iho  cffet't  upon  the  spectrum ;  tho  two  en^ 
pasB  freely  through,  you  have  the  red  and  tho  bhie,  but  1] 
tueen  both  a  space  of  intense  blackness.    The  yclloir  c 
the  spectrum  is  piUlessIy  destroyed  by  tliis  lii]uid ;  tbrcuf 
the  eutanglement  of  its  atoms  these  yelloi 
jiasB,  while  the  red  and  the  blue  glide  round  Uiem  and  g 
through  the  inter-atomic  spaces  without  sensible  tiindranot 
And  hence  the  gorgeous  colour  of  this  liquid. 
the  lamp  round  and  project  a  disk  of  light  two  feet  is 
diameter  upon  the  screen.     I  uow  introduce  tlua  Uqnidjj 
can  anything  be  more  splendid  than  the  colour  of  that  disl 
I  again  turn  the  lamp  obliquely  and  introduce  n  [ 
liere  you  have  the  components  of  that  bcautifiU  colour ;  U 
violet  component  has  i^Ldden  away  from  the  red.     You  i 
two  definite  disks  of  these  two  colonra  upon  tlio  acT 
which  overlap  in  tlic  centre,  and  exhibit  there  the  colour  q 
the  composite  light  which  passes  through  the  liquid. 

Thus,  as  regards  the  waves  of  light,  bodies  c 
it  were  an  elective  power,  singling  out  certain  wares  \ 
destruction,  and  permitting  others  to  pass.  Tmnepst 
to  one  wave  does  not  at  all  imply  transparency  to  c 
and  fVora  this  wo  might  reasonably  infer,  that  transpare 
to  light  does  not  imply  transparency  to  radiant  heat, 
conclusion  is  entirely  verified  by  experiment.  I  have  h^ 
a  tin  screen,  m  n  (fig.  80),  pierced  by  an  aperture,  bdl 
which  is  soldered  a  small  stand  ».  I  place  this  copper  l 
u,  heated  to  dull  redness,  on  a  cnniUestick,  whidi  will  9i 
as  a  support  for  tho  ball.  At  the  other  side  of  the  hi 
place  my  Uiernio-eleotrlc  [)ile,  p ;  the  rays  from  tho  1 
now  pass  through  tlio  aperture  in  the  screen  and  fall  i 
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■  100  {olfr— t1i£  needle  goes  np,  and  finally  comes  to  rest  with   { 


I  steady  dellectiou  of  i 


I  liavo  here  a  glass  cell,  a 


I  qiuirter  of  an  inch  wide,  which  I  uow  fill  with  distilled  wa-  j 
I  ter.  I  place  tLo  cell  on  the  stand,  eo  tiiat  all  rays  reooliing  , 
I  tlie  i»le  must  pass  through  it ;  what  takes  place  ?    The  _ 


^° 


iteadily  sinks  almost  to  zero ;  scarcoly  a  ray  from 
the  ball  can  croHS  thiswater; — to  Ilic  undulations  issuing 
the  ball  the  water  is  practically  opaque,  thongh  so 
extremely  transparent  to  the  rays  of  light.  Before  reraov- 
Inp  the  cell  of  water  I  place  behind  it  a  simUar  cell,  con- 
transparent  bisulphide  of  carbon ;  bo  that  now, 
remove  the  water  cell,  the  aperture  is  etill  barred 
by  tbo  now  lifpiid.  What  occurs  ?  The  needle  promptly 
es  upwards  and  describes  a  largo  arc ;  so  that  the  sclf- 
j  mys  that  found  the  water  impenetrable,  find  easy  acr 
throuE;h  the  bifalphide  of  carbon.  In  Iho  same  way  I 
eompitro  lliis  alcohol  with  this  chloride  of  phosphorus,  and 
tilt  former  alaio<^  opaqne  to  the  rays  eniittod  by  our 
ml  boll,  while  Ihp  latter  permits  them  to  pass  freely. 
So  bIbo  a»  regards  solid  bodies ;  I  have  here  a  plate  of 
U 


r 
I 


314  LECTUBE  n. 

very  pore  glass,  vhidi  I  place  on  the  etand,  anil,  nstng  n 
cube  of  hot  water  instead  of  the  ball  b,  I  permit  tlie  raj«  I 
from  the  heated  cabe  to  pasa  through  it,  if  they  can. 
movement  of  the  needle  is  perceptible.  I  now  displace  the 
pbtc  of  gla^  by  a  plato  of  rocksalt  of  ten  times  the  ihick- 
nesB ;  yon  boo  how  promptly  the  needle  moves,  until  it  is 
arrested  by  its  stops.  To  these  rays,  then,  the  rocksalt  is 
eminently  transparent,  while  the  glass  is  practically  opa^jue 
to  them. 

For  tliese,  and  ntmibcrleBs  similar  results,  we  sro  in- 
debted to  Melloni,  who  may  be  almost  regarded  aa  the 
creator  of  this  branch  of  our  subject.  To  express  this 
power  of  instantaneous  transmission  of  radiant  heat,  he 
proposes  the  word  diathermancy.  Diathermancy  bears  the 
same  relation  to  radiant  heat  that  transparency  doea  lo 
light.  Instead  of  giving  you  determinations  of  my  own 
of  the  (liathennancy  of  various  bodies,  I  will  make  a  selec- 
tion from  the  tables  of  the  eminent  Italian  philosopher  jnat 
referred  to.  In  these  determinations  Melloni  uses  four  dif- 
ferent sources  of  heat,  the  flame  of  a  Locatelli  lamp ;  a 
spiral  of  platinum  wire,  kept  incandescent  by  the  flame  of 
an  alcohol  lamp ;  a  plate  of  copper  hcntcd  to  400 '  Cent., 
and  a  plate  of  copper  heated  to  100"  Cent-,  the  last  men- 
tioned Eonrce  being  the  surface  of  a  copper  cube  contain- 
ing boiling  water.  The  experiments  were  made  in  the  fol- 
lowing manner ; — First,  the  radiation  of  the  source,  that  is 
to  say  the  galvanometerio  deflection  produced  by  it,  was 
determined  when  nothing  but  air  intervened  between  the 
sooroe  and  the  pile ;  then  the  substincc  whoso  dLtthennan- 
cy  was  to  bo  examined  was  introduced,  and  the  consequent 
defiection  noted.  Calling  tlio  quantity  of  heat  represented 
by  the  former  deflection  100,  the  proportionate  <iuaiititiea  J 
transmitted  liy  twonty-fivc  diflTorcnt  substances  aie  given  L 
the  following  table : — 
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Transmlasiona :  per  oeDtago  of  the  total 

Names  of  sahsttnoM  redaced  to   m 

* 

raJiatioo. 

■ 

OQiDinfMi  tbickneas  of  ^th  of  mi  Incli 

(S^milllm.) 

Locatelli 
Lamp 

Incan- 
descent 
Platinum 

Copper  at 

Copper  at 
lUO^  C. 

1  Rocksalt 

923 

92-3 

92-3 

92-3 

2  Sicilian  sulphur 

74 

77 

60 

54 

8  Fluor  spar    . 

72 

69 

42 

33 

4  Beryl 

64 

23 

13 

0 

5  Iceland  spar . 

89 

28 

6 

0 

6  Glass 

89 

24 

6 

0 

7  Rock  cr}'8tal  (clear)  , 

38 

28 

6 

3 

8  Smoky  quartz 

37 

28 

6 

3 

QChromateofFotash  . 

34 

28 

15 

0 

10  White  Topaz 

33 

24 

4 

0 

11  Carbonate  of  Lead    . 

82 

23 

4 

0 

12  Sulphate  of  Baryta    . 

24 

18 

3 

0 

13  Felspar 

23 

19 

6 

0 

14  Amethyst  (violet) 

21 

9 

2 

0 

15  Artificial  amber 

21 

5 

0 

0 

16  Borate  of  Soda 

18 

12 

8 

0 

17  Tourmaline  (deep  grc 

jcn) 

18 

16 

3 

0 

18  Conmion  gum 

18 

3 

0 

0 

19  Selenito 

14 

6 

0 

0 

SO  atric  acid    . 

11 

2 

0 

0 

21  Tartrate  of  Potash 

11 

3 

0 

0 

22  Natural  amber 

11 

5 

0 

0 

23  Alum 

9 

2 

0 

0 

24  Sugar-candy . 

8 

1 

0 

0 

25  Ice    . 

6 

0-5 

0 

0 

This  table  shows,  in  the  first  place,  what  very  different 
transmissiYo  powers  different  solid  bodies  possess.  It 
shows  us  also  that,  with  a  single  exception,  the  transparen- 
cy of  the  bodies  mentioned  for  radiant  heat  varies  with  the 
quality  of  the  heat.  Rocksalt  alone  is  equally  transparent 
to  heat  from  the  four  sources  experimented  with.  It  must 
be  borne  in  mind  here  tliat  the  luminous  rays  are  also  c:ilo- 
rific  rays;  that  the  selfsame  ray,  falling  upon  the  nerve 
of  vision,  produces  the  impression  of  light ;  while,  imping- 
ing upon  other  nerves  of  the  body,  it  produces  the  impres- 
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sion  of  heat-    The  luminous  caloriflo  rays  have,  howerer,  i 
shorter  length  than  the  obacuro  rays,  dud  knowing,  i 
do,  how  differently  waves  o'f  ditfereut  leugihs  are  abeorbc 
by  bodies,  we  are  In  a  measure  prepared  for  tlie  n 
the  foregoing  table.    Thus,  while  glass,  of  the  tbioknei 
specified,  permits  39  per  cent,  of  the  i-ays  of  Locatelli^ 
lamp,  and  24  per  cent,  of  the  rays  from  the  incandcsceaT 
platinum  to  pass,  it  gives  passage  to  only  6  per  cent,  of  ll 
rays  from  copper,  at  a  temperature  of  400^^  C,  while  it  i 
absolutely  opaque  to  all  rays  emitted  from  a  source  of  10( 
C.    We  also  see  that  limpid  ice,  which  is  so  highly  ti 
parent  to  light,  allows  to  pass  only  6  per  cent,  of  the  raj* 
of  the  lamp,  and  0-6  per  cent,  of  the  rays  emitted  by  tl 
incandescent  platinum,  while  it  utterly  cuts  off  all  rays  b 
ing  from  the  other  two  sources.    We  have  here  an  intim 
tion,  that  by  far  the  greater  portion  of  the  rays  emitted  t 
the  lamp  of  Locatelli  must  bo  obscure.    Luminons  i 
pass  throngh  ice,  of  the  thickness  here  given,  wilhont  ft 
sible  absorption,  and  tlie  fact  that  94  per  cent,  of  the  r 
isfluing  from  Locatelli's  flame  are  destroyed  by  the  \ 
proves  that  this  proportion  of  these  rays  nnist  be  o 
As  regards  the  influence  of  transparency,  clear  and  s 
quartz  are  very  instructive.     Ilere  are  the  two  snhst 
one  perfectly  pellucid,  the  other  a  dark  brown ;  still,  i 
the  luminoua  rays  only,  do  these  two  specimens 
difference  of  transmission.    The  clear  qnartz  tranentitB  jj 
per  cent.,  and  the  smoky  qnartz  37  per  cent,  of  the  i 
from  the  lamp,  while,  for  the  other  three  sources,  the  ti 
■missions  of  both  substances  are  identical. 

Melloni  supposed  rocksalt  to  be  perfectly  transf 
to  all  kinds  of  calorific  rays,  the  7'7  per  cent,  leas  thi 
hundred  which  the  foregoing  table  exhibits,  being  i 
not  to  absorption  bat  to  reflection  at  the  two  rnirtscn 
the  plate  of  salt.  But  tho  accurate  experiments  of  li 
de  la  ProvoBtaye  and  Deaains  prove  that  this  snbstiUioel 
permeable  in  diffen.'nt  degrees  lu  heat  of  dlflbrcnt  Hut 
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TmumUdon : 
Kame  of  liqoidi :  thkbiOM.  O^S  £f '^f  ^!d£tl^' 

Blsnlphidc  of  carbon    .  .  .  .  .  .  •    ^ 

Bichloride  of  Bulphnr  .  .  .  .  .  •  •    ^ 

Protochloride  of  phospboms  .  .  .  .  •    <>'2 

Emchcc  of  tnrpcntino  .  .  .  .  .  .  .SI 

Olive  oil ,  .    80 

Naphtha 23 

EsMDCo  of  lavender     .  .  .  .  .  .  .    2G 

Bnlphurlc  ether  .  .  .  .  .  .  .21 

Snlphoric  acid  ........    17 

Ifydrato  of  ammonia    .  .  .  .  .  .  .15 

Nitric  acid 15 

Abflolato  alcohol   .       .  .  .  .  .  .  .15 

Hydrate  of  potash        .  .  .  .  .  .  .18 

Acetic  add 12 

Pyrollgneons  add         .  .  .  .  .  .  .12 

Concentrated  s'dutlon  of  sugar         .  .  .  .  .12 

Solution  of  roclcsalt     . 12 

White  of  ei^     ........    11 

DlstUled  water 11 

wbilc  Mr.  Balfour  Stewart  has  established  the  important 
fact,  that  rocksalt  is  particularly  opaque  to  rays  issuing 
from  a  heatxid  piece  of  the  same  substance. 

In  the  preceding  table,  wliicli  I  also  borrow  from  Mel- 
loni,  the  caloric  transmissions  of  nineteen  different  liquids 
are  given.  The  source  of  heat  was  an  Argand  lamj),  fur- 
Dishcd  with  a  glass  chimney,  and  the  liquids  were  enclosed 
in  a  cell  with  glass  sides,  the  thickness  of  the  liquid  layer 
1)eiiig  9*21  millimetres,  or  0*36  of  an  inch.  Liquids  are 
here  shown  to  be  as  diverse  in  their  powers  of  transmis- 
sion as  solids ;  and  it  is  also  worthy  of  remark,  that  water 
maintains  its  opacity,  notwithstanding  the  change  in  its 
state  of  aggregation. 

The  reciprocity  which  we  have  already  demonstrated 
bctw^een  radiation  and  absorption  in  the  case  of  metals, 
varnishes,  &c.,  may  now  bo  extended  to  the  bodies  contain- 
ed in  Melloni's  tables.  I  will  content  myself  with  one  or 
two  illustrations,  borrowed  from  Mr.  Balfour  Stewart.  Here 
is  a  copper  vessel  in  which  water  is  kept  in  a  state  of  gen- 
tle ebullition.  On  the  flat  copper  lid  of  this  vessel  I  place 
plates  of  glass  and  of  rocksalt,  till  they  have  assumed  the 
temperature  of  the  lid.    I  place  the  i)late  of  rocksalt  upon 
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this  stand,  ui  front  of  t)ic  tlicrmo-clcctric  pile.     Tou  aV 
serve  UiG  deBectioo ;  it  is  80  emull  as  to  be  scarcely  aenei 
ble.    I  now  remove  the  rocksalt,  and  put  in  its  place  ^ 
plate  of  heated  glass ;  the  needle  moves  upwards  throii|_' 
a  large  arc,  thus  conclusively  showing  that  the  glass,  whioH 
is  the  more  powerful  absorber  of  obscure  heat,  is  also  tJ 
more  powerful  radiator.    Alum,  an  fortunately,  melts  at  i 
temperature  lower  than  that  here  made  use  of;  but  thon^ 
its  temperature  is  not  bo  high  as  that  of  the  glass,  yon  c 
see  that  it  transcends  the  glass  as  a  radiator ;  the  action  o 
the  galvanometer  is  still  more  energetic  than  in  the  cose  o 
the  lust  esperimcnt. 

Absorption  takes  place  within  the  absorbing  body ; 
it  requires  a  certain  thickness  of  the  body  to  accomplisl 
the  absorption.  This  is  true  of  both  light  and  i 
heat.  A  very  thin  stratum  of  pale  beer  is  almost  aa  oolomi 
less  as  a  stratum  of  water,  the  absorption  being  too  inco 
sideruble  to  produce  the  decided  colour  which  larger  mac 
of  the  beer  exhibit.  I  pour  distilled  water  into  a  drii 
glass ;  in  this  quantity  it  exhibits  no  trace  of  colour,  bnt  j 
have  arranged  here  an  experiment  which  will  show  you  tli^ 
thia  pellucid  liquid,  in  sufficient  thickness,  exhibits  A  verf 
decided  colour.  Here  is  a  tube  fifteen  feet  long,  A  b  (fiffi 
87),  placed  horizontal,  the  ends  of  which  are  stopped  1 


■  pieces  of  plato  gLias ;  at  one  end  of  tlio  tube  stands  an  cle<^ 
trio  lamp,  l,  fi-om  wliich  I  intend  to  scud  ii  cylinder  ofl 
light  tirough  the  tube.  The  tube  is  now  half  filled  witl 
water,  the  upper  Burfacc  of  which  cuts  tho  tube  in  twd 
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eqnal  parts  horuontallj.  Thus  I  send  half  of  my  beam 
through  air  and  half  through  water,  and  with  this  lens,  c, 
I  intend  to  project  a  magnified  image  of  the  adjacent  end 
of  the  tube,  upon  the  screen.  Here  it  is ;  you  see  the 
image,  o  p,  composed  of  two  semicircles,  one  of  which  is 
due  to  the  light  which  has  passed  through  the  water,  the 
other  to  the  light  which  has  passed  through  the  air.  Side 
by  side,  thus,  you  can  compare  them,  and  you  notice  that 
■firbile  the  air  semicircle  is  a  pure  white,  the  water  semicir- 
cle is  a  bright  and  delicate  blue  green.  Thus,  by  augment- 
ing the  thickness  through  which  the  light  has  to  pass,  you 
deepen  the  colour ;  this  proves  that  the  destruction  of  the 
lig^t  rays  takes  place  uoithin  the  absorbing  body,  and  is  not 
an  eficct  of  its  surface  merely. 

Melloni  shows  the  same  to  bo  true  of  radiant  heat.  In 
our  table,  at  page  311,  the  thickness  of  the  plates  used  was 
2-6  millimetres,  but  by  rendering  the  plate  thinner  we  en- 
able a  greater  quantity  of  heat  to  get  through,  and  by  ren- 
dering it  suffidently  thin,  we  may,  with  a  very  opaque  sub- 
stance, almost  reach  the  transmission  of  rocksalt.  The  fol- 
lowing table  shows  the  influence  of  thickness  on  the  trans- 
nuflsive  power  of  a  plate  of  glass. 


ThkknMB  of 

PktMlnlftiUl. 

metrct 

TkunamiaBion  by  Glass  of  different  thlckncsiics:  per  ccntage  of 

the  total  lUdiftUun 

Locatelll  Lamp 

IncandoM^ent 
rutinum 

Copper  at 

Copper  at 
lOO'C. 

2-6 
0-6 
0-07 

89 
64 
77 

24 
87 

67 

6 
12 
84 

0 

1 
12 

Thus,  we  see,  that  by  diminishing  the  thickness  of  the 
plate  from  2*6  to  1*07  mllimetres,  the  quantity  of  heat 
transmitted  rises,  in  the  case  of  the  lamp  of  Locatelli,  from 


^H.^^^^ 
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39  to  77  per  cent. ;  in  the  case  of  the  incandescent  i?i^^| 
nam,  from  24  to  57  per  cent. ;  in  tfae  case  of  copper  at  400*^| 
C.  from  ti  to  34  per  cent. ;  and  in  tfae  mxae  of  copper  s^| 
100''  C,  from  absolute  opiiciiy  to  a  transmission  of  IS  p^^| 
cent.                                                                                        ^H 
The  influence  of  tbe  tbickness  of  a  plate  of  selenhe  oi^| 
the  qnantity  of  heat  which  it  trauBmitB  is  ezliibited  in  thl^^l 
bllowing  table.                                                                      ^^M 

rimu  In  UUil- 
imlra. 

«l  luul  ndUUuD.                '  "^         ^     J^H 

LoctlclU  Ump 

•sss:" 

Cnpr^iM 

-;«]■ 

S.0 

o'mi 

It 

G 
13 

0 

7 

1 

The  decomposition  of  the  solar  beam  gives  us  ibe  sqlai; 
pectmm ;  luminoua  in  the  centre,  calorific  at  one  end,  ancl 
hemical  at  the  other.     The  siui  is  therefore  a  source  oil 
lietcrogenons  rays,  and  there  can  scarcely  be  a  doubt  tlial 
ill  other  sources  of  heat,  luininons  and  obscm*,  partake  of 
this  heteroseniety.  In  general,  when  such  mixed  rays  enU*i 
i  diathermic  substance,  some  are  struck  down  and  oOiurs 
Temiitted  to  pass.    Supposing,  then,  that  Tve  take  a  alieaf 
jf  cilorific  rays  nhich  have  already  passed  through  a  dia- 
hcrmic  plate,  and  jiermit  them  to  fall  npon  a  second  plaM 
f  the  same  material,  the  transparency  of  this  seeond  platQ 
o  tlie  heat  incident  upon  it  will  bo  greater  than  the  tTan» 
>arcncy  of  the  first  jilate  to  the  heat  incident  on  it    In 
act  the  first  pl.'ile,  if  Bufliciently  thick,  has  already  eitia< 
ruished,  in  great  part,  the  ray»  which  the  eubstance  ia 
apable  of  absorbing ;  and  the  residual  rays,  as  a  matter  of 
ourao  penetrate  &  second  plate  of  the  same  suljstance  iritlt 

BIFTINO  OF  CALORIFIO  BEAMS.  321 

comparative  freedom.  The  original  beam  is  sifted  by  the 
first  plate,  and  the  purified  beam  possesses,  for  the  same 
substance,  a  higher  penetrative  power  than  the  original 
beam. 

This  power  of  penetration  has  usually  been  taken  as  a 
test  of  the  quality  of  heat ;  the  heat  of  the  purified  beam  is 
said  to  be  different  in  quality  from  that  of  the  unpurified 
beam.  It  is  not,  however,  that  any  individual  ray  has 
changed  its  quality,  but  that  from  the  beam,  as  a  whole, 
certain  rays  have  been  withdrawn,  and  that  their  with- 
drawal has  altered  the  proportion  of  the  incident  heat 
transmitted  by  a  second  substance.  This,  I  think,  is  the 
true  meaning  of  the  term  *  quality '  as  appled  to  radiant 
heat.  In  the  path  of  the  rays  from  a  lamp  let  plates  of 
rocksalt,  alum,  bichromate  of  potash,  and  selenite  bo  suc- 
cessively placed,  each  plate  2*6  millimetres  in  thickness ;  let 
the  heat  emergent  from  these  plates  fall  upon  a  second  sc- 
ries of  the  same  thickness ;  out  of  every  100  rays  of  this 
latter  heat,  the  following  proportions  are  transmitted. 


Rocksalt 

92-3 

Alum 

90 

Chromatc  of  Poti^li    . 

71 

Sclcnito 

91 

Referring  to  the  table,  p.  311,  we  find  that  of  the 
whole  of  the  rays  emitted  by  the  Locatclli  lamp,  only  34 
per  cent,  are  transmitted  by  tlie  chromatc  of  potash ;  here 
we  find  the  percentage  71.  Of  the  cntke  radiation,  sele- 
nite transmits  only  14  per  cent.,  but  of  the  beam  which  has 
been  purified  by  a  plate  of  its  own  substance  it  transmits 
01  per  cent.  The  same  remark  applies  to  the  alum,  which 
transmits  only  9  per  cent,  of  the  unpurified  beam,  and  00 
per  cent,  of  the  purified  beam.  In  rocksalt,  on  the  con- 
trary, the  transmissions  of  the  sifted  and  unsifted  beam 

are  the  same,  because  the  substance  is  equally  transparent 

14* 
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to  rays  of  all  kinds.*  In  these  cases  I  hare  Gnppotrd 
rays  emergent  from  rocksalt  to  pass  through  rocksilt; 
rays  emergent  from  alum  to  pass  through  alum,  and  ta 
the  others ;  but,  as  niigbt  he  e.xpected,  the  siflmg  of 
beam,  by  ODy  subslanee,  will  alter  the  proportion  in  « 
it  will  be  transmitted  by  almost  any  other  second 
stance. 

I  will  conclude  these  observations  Tvitb 
which  will  show  yon  the  influence  of  sifting  in  a  i 
striking  manner.  I  have  here  a  sensitive  difiereatial 
thermometer  with  a  clean  glass  bulb.  You  see  the  di( 
est  touch  of  my  hand  causes  a  depression  of  the 
metric  column.  Here  is  our  electric  lamp,  and  from  it 
will  converge  a  powerful  beam  on  the  bulb  of  that  ti 
momcter.  The  focus  now  falls  directly  on  the  bulb, 
the  air  within  it  is  traversed  by  a  beam  of  intense  pow 
but  not  the  slightest  depression  of  the  thermometrio 
unm  is  disoGmible.  When  I  first  showed  this  expeiim 
to  an  individual  here  present,  ho  almost  doubted  the  > 
donee  of  his  senses ;  but  the  explanation  is  simple.  ' 
beam,  before  it  reaches  the  bulb,  is  already  sifted  bf 
glass  lens  used  to  concentrate  it,  and  having  pst 
tliTough  12  or  14  feet  of  air,  the  beam  contains  no  com 
went  that  can  bo  sensibly  absorbed  by  the  air  within  ' 
bulb.  Hence  the  hot  beam  passes  through  both  «ri 
glass  without  warming  either.  It  is  competent, ' 
lo  warm  the  thermo-electric  pile ;  exposure  of  the  pila 
it,  for  a  single  instant,  suffices  to  drive  the  nccdls 
aside ;  or  let  mo  ooat  with  lampblack  the  portii 
glass  bulb  struck  by  the  beamj  you  see  the 
heat  is  now  absorbed,  tlic  air  expands,  and  thi 
metric  column  is  forcibly  depressed. 

"  This  Wis  Melloni'a  mmoluaion ;  but  llie  ciperimcntB  of  MM.  V 
and  DcBoioa,  and  of  Ur,  BtiUour  Stewut,  jiroro  tlut  the  CDiidiulaB  It  id 
atrictly  correct. 
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We  use  glass  fire-screens,  which  allow  the  pleasant 
Gght  of  the  fire  to  pass,  while  they  cut  off  the  heat ;  the 
reason  is,  that  by  far  the  greater  part  of  the  heat  emitted 
by  a  fire  consists  of  obscure  rays,  to  which  the  glass  is 
opaque.  But  in  no  case  is  there  any  loss.  The  rays  ab- 
sorbed by  the  glass  go  to  warm  the  glass ;  the  motion  of 
the  ethereal  waves  is  transferred  to  the  molecules  of  the 
solid.  But  you  may  be  inclined  to  urge,  that  under  these 
circumstances  the  glass  screen  itself  ought  to  become  a 
source  of  heat,  and  that  therefore  we  ought  to  derive  no 
benefit  from  its  absorption.  The  fact  is  so,  but  the  conclu. 
sion  is  unwarranted.    The  philosophy  of  the  screen  is  this : 

Fig.  88. 


— ^Let  F  (fig.  88)  be  a  fire  from  which  the  rays  proceed  in 
straight  lines  towards  a  {>erBon  at  p.  Before  the  screen  is 
introduced,  each  ray  pursues  its  course  direct  to  p ;  but 
now  let  a  screen  be  placed  at  s.  The  screen  intercepts  the 
rays  of  heat  and  becomes  warmed ;  but  instead  of  sending 
on  the  rays  in  their  original  direction  only,  it  emits  them, 
as  a  warm  body,  in  all  directions.  Hence,  it  cannot  re- 
store to  the  person  at  p  all  the  heat  intercepted.  A  por- 
tion of  the  heat  is  restored,  but  by  far  the  greater  part  is 
diverted  from  p,  and  distributed  in  other  directions. 

Where  the  waves  pursue  their  way  unabsorbed,  no  mo- 
tion of  heat  is  imparted,  as  we  have  seen  in  the  case  of  the 
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air  tbermometcr.    A  joint  of  meat  night  be  roasted  o 
u  fire,  wilii  ttio  air  around  the  joint  as  cold  as  ice.     The  a 
on  high  mountains  may  be  intensely  cold,  wliile  a  bui 
sun  is  overhead ;  the  Bohir  rays  which,  stiikiog  on  the  h 
man  eldn,  are  almost  intolerable,  arc  ineompetenl  U*  he 
the  air  sensibly,  and  we  Irnve  ouly  to  withdraw  into  perfea 
shade  to  feel  the  chill  of  the  atmosphere.     I  never,  on  a 
occasion,  suffered  so  much  from  solar  heat  as  in  desocndl 
from  the  '  Corridor '  to  the  Grand  Platean  of  Mont  Blai 
on  August  13, 1857 ;  though  hip  deep  in  snow  at  the  tii 
the  Bon  blazed  against  me  with  unendurable  ]iower.    ] 
mcraion  in  the  shadow  of  tho  Dome  da  Gout^  aC  oi 
changed  my  feelings ;  for  here  the  air  was  at  s 
temperatnro.    It  was  not,  howevur,  sensibly  colder  1 
tlie  iur  throngh  which  the  sunbeams  passed ;  and  I  sofibre^ 
not  from  the  contact  of  hot  air,  but  from  the  impact  o 
caloritio  rays  which  had  reached  me  through  a  medium  it 
cold. 

The  beams  of  the  enn  also  penetrate  glass  witlioot  sei 
sibly  beating  it,  and  the  reason  is,  tliat  baling  pasM 
through  our  atmosphere,  the  beams  have  been  in  a  gpo 
measure  deprived  of  those  rays  which  can  be  absorbed  i 
glass.*  I  made  an  experiment  in  a  former  lecture  vbic 
you  will  now  completely  understand.  I  sent  a  beam  ttm 
the  electric  lamp  through  a  mass  of  ice  without  meltin 
the  substance.  I  had  previously  sifted  the  be.im  by  eeni 
ing  it  through  a  vessel  of  water,  in  which  the  rays  capftbl 
of  being  absorbed  by  the  ice  were  lodged — and  bo  oopiool 
ly  lodged — that  the  water  was  raised  almost  to  the  boilii^ 

•  On  (t  priori  grounds  I  should  conclu'le  that  the  obsonte  xdoi 
which  have  siiccccdud  iu  getting  lliraugli  our  ntmo^^horc.  must  be  li 
penetrate  the  humoura  of  ihe  cyu  and  rcauli  tlie  retina ;  the  rcceol  n 
mcula  of  M.  Franz  prare  (liis.  Tliuir  net  proiJui.'ing  visioa  if,  Oum 
Diot  due  to  Ibuir  tibaurgrtiun  by  Uic  btunuais  or  ihc  eje,  Iml  lo  Uuii 
InliinBio  inoompctencc  to  excite  the  rotioa. 
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^uit  during  the  experiment.    It  is  hero  worthy  of  remark 
^t  the  liquid  water  and  the  solid  ice  appear  to  be  pervi- 
ous and  impervious  to  the  same  rays ;  the  one  may  be  used 
38  a  sieve  for  the  other ;  a  result  which  indicates  that  the 
qoality  of  the  absorption  is  not  influenced  by  the  difference 
of  aggregation  between  solid  and  liquid.    It  is  easy  to 
prove  that  the  beam  which  has  traversed  the  ice  without 
mehing  it,  is  really  a  calorific  beam,  by  allowing  it  to  fall 
upon  our  thermo-electric  pile.    Here  is  a  beam  which  has 
passed  through  a  layer  of  water ;  I  permit  it  to  fall  upon 
the  pile,  and  you  instantly  see  its  effect  upon  the  galva- 
nometer, causing  the  needle  to  move  "v^dth  energy  to  its 
BtopB.    Hero  is  a  beam  which  has  passed  through  ice,  but 
you  see  that  it  is  equally  competent  to  affect  tlie  pile ;  here, 
finally,  is  a  beam  which  has  passed  through  both  water  and 
ice ;  you  see  it  still  possesses  heating  power.* 

When  the  calorific  rays  are  intercepted,  they,  as  a  gen- 
eral rule,  raise  the  temperature  of  the  body  by  which  they 
are  absorbed;  but  when  the  absorbing  body  is  ice  at  a 
temperature  of  32°  Fahr.,  it  is  impossible  to  raise  its  tem- 
perature. How  then  does  the  heat  absorbed  by  the  ice 
employ  itself?  It  produces  internal  liquefaction,  it  takes 
down  the  crystalline  atoms,  and  thus  forms  those  lovely 
liquid  flowers  which  I  showed  you  in  a  former  lecture.f 

We  have  seen  that  transparency  to  light  is  not  at  all  a 
test  of  diathermancy ;  that  a  body  highly  transparent  to 
the  Imninoas  undulations  may  be  higlily  opaque  to  the  non- 
luminous  ones.  I  have  also  given  you  an  example  of  the 
opposite  kind,  and  showed  you  that  a  body  may  be  abso- 
lutely opaque  to  light  and  still,  in  a  considerable  degree, 
transparent  to  heat.    I  set  the  electric  lamp  in  action,  and 

^*  Mr.  Faraday  haa  fired  gunpowder  by  converging  the  solar  rays  upon  it 
b  J  a  lens  of  ice. 

t  For  the  bearing  of  these  results  on  air  and  water  bubbles  of  ice,  see 
Appendix  to  Lecture  IX. 
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yoa  Bce  tliis  conrergent  beam  Irackmg  itself  ttirougli  I 
dust  of  the  room ;  you  aee  tbe  point  of  convergence  oft 
rays  here,  at  a  distance  of  fiftccu  feet  Irom  the  Iiunp; 
will  mark  that  point  accurately  by  the  end  of  this  r 
Here  is  a  plate  of  rocksalt,  coated  bo  thickly  with  eoot  t 
the  light,  not  only  of  every  gas  lamp  in  this  room,  but  ti 
electric  light  ilself,  is  cut  off  by  it.    I  interpose  tJiis  pla 
of  smoked  salt  in  the  path  of  the  beam;  the  light  is  iote 
ceptod,  but  the  rod  enables  me  to  find  with  my  pUo 
place  where  the  focus  fell.    1  place  the  pile  at  Uus  foooa 
you  sec  no  beam  falling  on  the  pile,  but  the  violent  * 
of  the  needle  instantly  reveals  to  the  mind'a  eye  a  foons  q 
heat  at  the  pobt  Irom  which  the  light  has  1 
drawn. 

You  nught,  perhaps,  be  disposed  to  think  that  the  li 
fulling  on  the  pile  has  been  absorbed  by  the  soot,  and  t 
radiated  from  it  as  an  independent  source.    Melloiu  lias  v 
moved  every  objection  of  this  kind ;  but  none  of  Ida  e 
iments,  I  think,  are  more  conclusive,  as  a  rel^itation  of  tl 
objection,  than  that  now  performed  before  yoo.    For  i 
tho  smoked  salt  were  the  eourco,  the  rays  could  not  a 
verge  here  to  a  focus,  for  the  salt  is  at  this  sitie  of  tho  a 
verging  lens,  and  you  see  wbeo  I  displace  my  pile  a  lit 
laterally,  still  keeping  it  turned  towards  tho  smoked  ■ 
the  needle  sinks  to  zero. 

Tho  beat,  moreover,  falling  on  the  pile  is,  as  ^own  k 
McUoni,  practically  independent  of  the  position  of  tlie  p 
of  rocksalt ;  you  may  cut  off  the  beam  at  a  distaooe  of  i 
tcon  feet  from  the  pile,  or  at  a  distance  of  one  foot ;  1 
result  is  sensibly  tho  same,  which  could  not  be  tho  caw 
the  smoked  salt  itself  were  tho  source  of  heat. 

I  make  a  similar  experiment  with  this  black  glass,  a 
the  result,  as  you  see,  is  the  same.     Now  the  glass  r^/IM^ 
a  considerable  portion  of  the  light  and  heat  from  the  lax 
if  I  hold  it.  a  liitio  oblique  to  the  beam  you  can  eee  the  i 
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fleeted  portion.  While  the  glass  is  in  this  position  I  will 
coat  it  with  an  opaque  layer  of  lampblack  so  as  to  cause  it 
to  absorb,  not  only  all  the  rays  which  are  now  entering  it, 
bat  also  the  portion  which  it  reflects.  What  is  the  result  ? 
Though  the  glass  plate  has  become  the  seat  of  augmented 
absorption,  it  has  ceased  to  aflcct  the  pile,  the  needle  de- 
scends to  zero,  thus  furnishing  additional  proof  that  the 
rays  which,  in  the  first  place,  acted  upon  the  pile,  came  di- 
rect from  the  lamp,  and  traversed  the  black  glass,  as  light 
traverses  a  transparent  substance. 

Rocksalt  transmits  all  rays,  luminous  and  obscure; 
alum,  of  the  thickness  already  given,  transmits  only  the  lu- 
minous rays;* hence  the  difference  between  alum  and  rock- 
salt  will  give  the  value  of  the  obscure  radiation.  Tested 
in  this  way,  Melloni  finds  the  following  proportions  of  lu- 
minous to  obscure  rays  for  the  three  sources  mentioned : — 

Source  Luminous  Obscuro 
Flame  of  Oil           .            10  90 

Incandescent  Platinom         2  98 

Flame  of  Alcohol    .  1  99 

Thus,  of  the  heat  radiated  from  the  flame  of  oil,  00  per 
cent,  is  due  to  the  obscure  rays ;  of  the  heat  radiated  from 
incandescent  platinum,  98  per  cent,  is  due  to  obscure  rays, 
while  of  the  heat  radiated  from  the  flame  of  alcohol,  fully 
00  per  cent,  is  due  to  the  obscure  radiations. 

*  More  recent  experiments  prove  that  this  is  not  correct 
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EXTBACT  FBOU  A  MEMOIB  ON  SOME  PHYSICAL  FB0PEBTIE8  OF 

ICE.* 

§L 

I  AY  AILED  myself  of  the  fine  sunny  weather  with  which  we 
were  fayourcd  last  September  and  October,  to  examine  the  effects 
of  solar  heat  upon  ice.  The  experiments  were  made  with  Wen- 
ham  Lake  and  Norway  ice.  Slabs  were  formed  of  the  substance, 
varying  from  one  to  several  inches  in  thickness,  and  these 
were  placed  in  the  path  of  a  beam  rendered  convergent  by  a 
double  convex  lens,  4  inches  in  diameter,  possessing  a  focal  dis- 
tance of  lOJ  inches.  The  slabs  were  usually  so  placed,  that  the 
focus  of  parallel  rays  fell  within  the  ice.  Having  first  found  the 
position  of  the  focus  in  the  air,  the  lens  was  screened ;  the  ice  was 
then  placed  in  position,  the  screen  was  removed,  and  the  effect 
was  watched  through  an  ordinary  pocket  lens. 

A  plate  of  ice  an  inch  thick,  with  parallel  sides,  was  first 
examined:  on  removing  the  screen  the  transparent  mass  was 
crossed  by  the  sunbeams,  and  the  path  of  the  rays  through  it  was 
instantly  studded  by  a  great  number  of  little  luminous  spots,  pro- 
duced at  the  moment,  and  resembling  shining  air-bubbles.  When 
the  beam  was  sent  through  the  edge  of  the  i)late,  so  that  it  trav- 
ersed a  considerable  thickness  of  the  ice,  the  path  of  the  beam 
could  be  traced  by  those  brilliant  spots,  as  it  is  by  the  floating 
motes  in  a  dark  room. 

In  lake  ice  the  planes  of  freezing  are  easily  recognized  by  the 
stratified  appearance  which  the  distribution  of  the  air  bubbles 
gives  to  the  substance.    A  cube  was  cut  from  a  perfectly  trans- 

*  Phil.  Trans.  December  1857. 
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parent  portion  of  the  ice,  and  the  solar  beam  was  sent  through 
the  cube  in  three  rectangular  directions  successiycly.  One  was 
perpendicular  to  the  plane  of  freezing,  and  the  other  two  parallel 
to  it  The  bright  bubbles  were  formed  in  the  ice  in  all  three 
cases. 

When  the  sur&ces  perpendicular  to  the  planes  of  freezing  were 
examined  by  a  lens,  after  exposure  to  the  light,  they  were  found 
to  be  cut  up  by  innumerable  small  parallel  fissures,  with  here  and 
there  minute  spurs  shooting  from  them,  which  gave  the  fissures, 
in  Bome  cases,  a  feathery  appearance.  When  the  portions  of  the 
ioe  trayersed  by  the  beam  were  examined  parallel  to  the  surface 
of  freezing,  a  yery  beautiful  appearance  reyealcd  itself.  Allow- 
ing the  light  from  the  window  to  fall  upon  the  ice  at  a  suitable 
UKidence,  the  interior  of  the  mass  was  found  filled  with  little 
ibwer-fihaped  figures.  Each  flower  had  six  petals,  and  at  its  cen- 
tre was  a  bright  spot,  which  shone  with  more  than  metallic  bril- 
liancy. The  petals  were  manifestly  c<mipo8ed  of  watery  and  were 
.  CQoaeqaently  dim,  their  yisibility  depending  on  the  small  differ- 
CDoe  of  refrangibility  between  ice  at  32''  Fahr.  and  water  at  the 
mne  temperature. 

For  a  long  time  I  found  the  relation  between  the  planes  of 
these  flowers  and  the  planes  of  freezing  perfectly  constant.  They 
wei»  always  parallel  to  each  other.  The  deyelopcmcnt  of  the 
tarerB  was  independent  of  the  direction  in  which  the  beam  tray- 
oied  the  ice.  Hence,  when  an  irregularly  shaped  mass  of  trans- 
ptrent  ice  was  presented  to  me,  by  sending  a  sunbeam  through  it 
I  ooQld  tell  in  an  instant  the  direction  in  which  it  had  been 
ftozen. 

Allowing  the  beam  to  enter  the  edge  of  a  plate  of  ice,  and 
caming  the  latter  to  moye  at  right  angles  to  the  beam,  so  that  the 
ndiant  heat  trayersed  different  portions  of  the  ice  in  succession, 
when  the  track  of  the  beam  was  obserycd  through  an  eye-glass, 
the  ice,  which  a  moment  ago  was  optically  continuous,  was  in- 
itintly  starred  by  those  lustrous  little  spots,  and  around  each  of 
them  the  formation  and  growth  of  its  associated  flower  could  be 
distinctly  obserycd. 

The  maximum  effect  was  confined  to  a  space  of  about  an  inch 
from  the  place  at  which  the  beam  first  struck  the  ice.  In  this 
ipaoe  the  absorption,  which  resolyed  the  ice  into  liquid  flowers, 
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fur  the  most  part  took  place,  bnt  I  laye  traced  the  dEx 
di-pth  of  several  inclies  in  large  blocks  of  icR. 

At  B.  distance,  bowever,  from  the  point  of  inddonoo,  tlie 
l)etwccn  the  flowers  became  greater;  and  it  n 
tluDg  to  see  flowers  dcTcIopcd  in  planes  a  qoarter  of  oii  inch 
a{>art,  vbili:  no  change  whatever  was  observed  in  tho  ice  between 
these  planes. 

The  pieces  of  ice  eipcnmcntcd  on  appeared  to  be  qntto  hi 
gonoUB,  and  their  transparency  was  very  perfect.  Why, 
tile  substance  yield  at  particular  points  t  Were  thej  weak 
of  crystalline  structure,  or  did  the  yielding  depend  upon  the 
ner  in  which  the  calorific  waves  impingcil  upon  the  molectilcsi 
the  body  at  these  points  ?  Uowever  these  and  other  queetiau 
may  be  answered,  the  experiments  have  an  important  IjeariiiL' 
uxH>o  the  question  of  absorption.  In  ice  the  absorption  whii  i' 
produces  the  Uowcr  is  fitful,  and  not  continuous ;  and  there  h  h ' 
reason  to  sappOEC  that  in  other  solids  the  case  is  not  tho  sanj. 
though  their  constitution  may  not  he  such  as  to  rovea]  it.* 

I  have  applied  the  term  '  bubbles '  to  the  little  bright  disks  in 
the  middle  of  the  flowers,  simply  because  they  resembled  the  lii- 
tle  air-globules  entrapped  in  the  ice;  but  whether  they  contuDoi 
air  or  not  could  only  be  decided  by  eiperimenL 

Pieces  of  ice  were  therefore  prepared,  through  which  the  sun- 
beams were  sent,  so  as  to  develope  the  flowers  in  conaidi-relJe 
quantity  and  mngnitadc.  These  pieces  were  thcu  dipped  into 
warm  water  contained  in  a  gloss  vessel,  and  the  olTect,  hIii'ij  lie 
meU.ujg  n«ched  tlio  bright  spots,  was  carefully  observed  tlirongb 
a  lens.  27<e  nwiaent  a  liquid  connection,  icai  ol'ililiaheti  Mvstraliim 
and  the  aimoiphvn,  the  bubbUi  tuddady  eaUaymed,  and  jut  traa^ 
air  rtne  to  (A*  mirfnee  of  the  viarm  tcaitr. 

This  is  the  result  which  ought  to  be  ospected.  Tlie  lolonni 
of  water  at  83"  being  lose  thau  that  of  ice  at  the  same  lempciv 
ture,  the  formation  of  each  flower  ought  to  be  attended  with  ihc 
formation  of  a  vacuum,  which  disappeais  in  the 
when  the  ice  surrounding  it  is  melted. 

■  NotvithsUndmg  the  mcompimbte  tlinthenauicy  of  the  n 
Enabkuch  finila  tint  wEicn  plitca  of  roeksalt  arc  (hick  enough,  thsy  di 
eihlbit  nu  clcctlvD  abMrptioQ.     Eltei'U  like  those  above  il 
peeubl;  be  the  cauw  of  this. 
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Similar  erperimenta  were  made  wilh  ice.  in  which  true  tiir- 
liubWcs  were  enclosed.  When  the  melting  liberated  tho  air,  tho 
iubiilcs  rose  alowly  through  the  liquid,  and  floated  for  a  time 
.:j>un  itH  suriacc. 

Esposuni  for  n  second,  or  even  less,  to  the  action  of  the  sun 
1'  S3  sufficient  to  derciopc  the  flowera  in  tho  ice.  The  flret  ti,pp«ar- 
iiiic«  of  the  central  star  of  light  was  often  accompanied  by  an  au< 
'iMo  clink,  aa  if  the  subetanco  had  been  sudctenlj  raptured.  Tlie 
'.'d^  at  the  petals  were  at  the  commcncemoat  definitely  ctinrcd  ; 
tint  when  the  action  was  permitted  to  continue,  and  aometiines  ovi>n 
Wttoulthia,  when  the  ana  was  atrong,  tho  edges  of  the  petals  lie- 
CHDO  serrated,  the  beaut;  of  the  figure  being  thereby  augmented. 

Sametimes  a  number  of  elementary  flowers  grouped  together 
trt  farm  n  tbickly-leaTed  cluster  resembing  a  rose.  Here  and  tbcru 
:lvr  amid  the  flowen  a  liquid  hexagon  might  be  obBervcd,  but 
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The  act  of  crystalline  disscctloD,  if  I  may  use  the  term,  thus 
I'lrfonnotl  by  the  solar  beams,  is  manifestly  diitermined  by  the 
miinncr  In  which  the  crystalline  forces  have  arranged  themole- 
iiloi.  By  the  abstraction  of  heat  the  moleculca  are  enabled  to 
•tiUd  thcBiselTcs  together,  by  the  introduction  of  heat  this  archi- 
-■rtorois  taken  down.  The  perfect  symmetry  of  the  flowers,  from 
'-  With  there  is  no  deviation,  argues  a  simitar  symmetry  in  ttio 
■niilrcmlar  nrchitecture ;  and  hence,  as  optical  phenomena  depend 
iqion  the  molecular  arrxngemeut,  we  might  pronounce  with  per- 
:;it  certainty  from  the  foregoing  esperiments,  that  ice  is,  what 
^11  DkTid  Brewster  long  ago  proved  it  to  be,  optically  speaking, 
'^axsl,  the  aiis  being  perpendicular  to  the  surface  of  freezing. 

sn. 

;  M   "^i  |iteml)cr  86,  while  examining  a  perfectly  transparent 

.\orway  ico,  which  had  not  been  txavetsed  by  tho  con- 

inlicamii,  I  found  the  interior  of  the  mass  crowded  with 

li'  lui'I  disks,  varying  in  diameter  from  the  tenth  to  the 

ii  iifaainch.  These  diakswcre  so  thin,  that  when  looked 

■a  thi:j  were  reduced  to  the  Bncsl  lines.    They  had  the 

•  I  ,1 '    .:i;i<'.inin[:e  of  the  circular  spota  of  oily  scum  which  float 

p^  surCkt-e  of  mutton  brotb,  and  iu  the  pieces  of  ice  fint 

d  Ul^  alwaya  lay  In  tlut  planes  of  freezing. 
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Aa  time  progrrsBed,  thia  internal  disinte^tion  or  the  ice  ap- 
peared tu  become  more  pronounced,  so  that  Btitnc  pieces  r.r  Hor- 
wftj  ico  ciamined  in  the  middle  of  November  appeared  to  Ik  n- 
duced  to  a  coagerica  of  water-cells  eutangled  in  a  skeleton  of  ini 
The  effect  of  this  waa  rendered  mamfest  to  the  hand  on  sawing  a 
block  of  this  ice,  by  the  facility  with  which  the  sow  went 
through  it. 

There  eeema  to  be  no  soch  thing  aa  absolute  homogendt;  in 
nature.  Change  commences  at  distinct  centres,  instead  of  bcin;.' 
aniformly  and  continuously  digtributed,  and  in  tlie  most  ap(<cit- 
ently  homogeneous  aubstaiice  wo  should  discover  defects,  if  en: 
nieana  of  obserration  were  fine  enough.  Tlie  atiove  ob^rration 
show  that  some  portions  of  a  ma^  of  ice  melt  laorc  rcndiljt  tlu  - 
othcre.  The  melting  temperature  of  the  EUbstance  is  act  down  ;;: 
83°  Fuhr.,  but  the  absence  of  perfect  homogeneity,  whether  frm 
difference  of  crystalline  texture  or  some  other  cause,  mnkee  lii 
melting  tompcratuTD  oscillate  to  a  sUght  extent  on  both  ^dcs  <'! 
the  ordinary  atandard.  Let  this  limit,  C!iprc9scd  in  parts  of  a  ili 
gree,  be  (.  Some  porta  of  a  block  of  ice  will  melt  at  "  tempcrri 
turo  of  32 — t,  while  others  require  a  temperature  of  33+t ;  tin 
consequence  ia,  that  such  a.  block  raised  to  the  tcmpcraturcof  3:^'. 
will  have  aomo  of  its  parts  liquid,  and  other?  solid. 

When  a  moss  exhibiting  the  water-disks  was  cjcumlnefl  hj  u 
concentrated  sunbeam,  the  six-leaved  flowers  before  rrfcrrcd  lo 
(MTV  dlaayt  formed  tn  the  plana  of  the  diatt. 


sra. 

What  has  been  already  said  will  prepare  us  for  the  considrra- 
tion  of  on  associated  class  of  phenomena  of  great  physical  iulit- 
ost.  The  larger  masses  of  ice  which  I  CKamincd  exhibited  layi'i'- 
in  which  Inibblcs  of  air  were  collected  in  unuusal  quantity,  mar!, 
ing,  no  doubt,  the  limits  of  BUcceasivo  acts  of  freezing.  Tlif-. 
bubbles  were  usually  elongated.  Between  two  such  beds  of  btiS 
b!us  u  clear  stratum  of  ice  intervened ,-  and  a  clcur  surface  lay.  i . 
which,  from  its  nppeiimrce,  seeraed  to  have  sufiercil  more  fr^m 
external  ioflDcnccs  tbnn  the  rest  of  the  ice,  was  aasociateJ  wiili 
each  block.  In  this  superficial  portion  I  observed  detached  air 
bubbles  irregularly  distribnted,  and  associated  with  each  rosicl' 
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of  air,  a  bleb  of  water  which  had  the  appearance  of  a  drop  of  clear 
oil  within  the  solid.    The  adjacent  figure  will  give  a  notion  of 
these  composite  cavities :  the  unshaded  cir- 
cle represents  the  air-bubble,  and  the  shaded    f -/V''^'"^'^'"  •■"^•/^ 


/     — 


space  adjacent,  the  water. 

When  the  quantity  of  water  was  suffi- 
ciently large,  which  was  usually  the  case,  on 
turning  the  ice  round,  the  bubble  shifted  its     \>j.      *^^  / 

position,  rising  always  at  the  top  of  the  bleb     l>vV  ■■;//>^V:^-^;^ 
of  water.    Sometimes,  however,  the  cell  was 
▼eiy  flat)  and  the  air  was  then  quite  surrounded  by  the  liquid. 
These  composite  cells  oft^n  occurred  in  pellucid  ice,  which  showed 
inwardly  no  other  sign  of  disintegration. 

This  is  manifestly  the  same  phenomenon  as  that  which  struck 
M.  Agassiz  so  forcibly  during  his  ealicr  investigations  on  the  gla- 
cier of  the  Aar.  The  same  appearances  have  been  described  by 
the  Messrs.  Schlagintweit,  and  finally  attention  has  been  forcibly 
drawn  to  the  subject  in  a  recent  paper  by  Mr.  Huxley,  i)ublishcd 
in  the  ^  Philosophical  Magazine.'  * 

The  only  explanation  of  this  phenomenon  hitherto  given,  and 
adopted  apparently  without  hesitation,  is  that  of  M.  Agassiz  and 
the  Messrs.  Schlagintweit.  These  observers  attribute  the  phe- 
nomenon to  the  diathermancy  of  the  ice,  which  permits  the  radi- 
ant heat  to  pass  through  the  sul^tancc,  to  heat  the  bubbles  of  air, 
and  cause  them  to  melt  the  surrounding  ice.f 

The  apparent  simplicity  of  this  explanation  contributed  to 
ensure  its  general  acceptance ;  and  yet  I  think  a  little  reflection 
will  show  that  the  hypothesis,  simple  as  it  may  appear,  is  attend- 
ed with  grave  difilculties. 

For  the  sake  of  distinctness  I  will  here  refer  to  a  most  interest- 
ing fact,  observed  first  by  M.  Agassiz,  and  afterwards  by  the  Messrs. 
Schlagintweit    In  the '  Systume  Glaciairo '  it  is  described  in  these 

•  October,  1857. 

f  U  cat  evident  pour  quiconqac  a  sulvi  Icprof]^  dc  la  physique  mo- 
demc,  quo  eo  phcaomuno  est  du  uaiqncmcat  h  la  diathcrmoncito  dc  la 
glace  (Agoasiz,  Syat^mc,  p.  157). 

Das  WsRScr  ist  dadurch  cnatondcn  da£«  die  Luft  WtlnncBtrahlcn  nlMior- 
birtc,  wclcho  das  Eis  ols  diathcnnancr  Eurpcr  durchlicsa  (Schlagintweit, 
Untcnocbungcn,  S.  17). 


334  AITENDIX  TO   LECTCEE  Et. 

words:  'I  oQght  also  to  mention  a  angular  proporty  oT  Uuw 

Bir-bubbles,  whith  at  first  struck  us  forcibly,  but  wbicb  lius  aliiei. 
recevied  a  very  siitiafactory  eiplauation.  Wlien  a  fra^uent  cii- 
taining  air-bubbles  is  nposed  to  tbo  action  of  the  sun,  the  bi;b 
bits  augment  insenaibly.  Soon,  in  proportion,  as  tbcy  cnliir^i-,  - 
tranBparent  drop  showa  itself  at  aome  point  of  the  bubble,  TIjj 
drop,  in  enlarging,  contributes  on  its  part  to  the  enluFKcnunt  <'l 
the  cavity,  and  following  its  progreaa  a  little,  it  finiDbee  liy  pn.- 
dominating  over  tho  bubble  of  air.  The  latter  then  twinas  in  ilic 
laidst  of  a  loue  of  water,  and  tends  incessantly  to  reach  thu  nun.; 
ek'Tatcd  point,  at  least  if  the  flatncsa  of  the  cavity  does  not  bin- 
der it.' 

The  satisfactory  explanation  here  spoken  of  is  Ibat  nliraii: 
mentioned :  let  us  now  endcaTOUi  to  Ibllow  the  hypotbcaia  to  it  ■ 
conBequcnccs, 

Comparing  equal  weights  of  both  substances,  the  specific  tiL'.t 
of  water  being  1,  that  of  air  is  02G.  Henco  to  raise  a  poun.!  ni 
water  one  degree  of  temperature,  a  pound  of  air  would  ham  ■ 
loRO  four  degrees. 

Let  m  next  compare  equal  volnmea  of  the  substances.  Tn 
specific  gravity  of  water  !>eing  1,  that  of  the  air  is  li, ;  heni^i'  i- 
poiind  of  air  is  7T0  times  the  volume  of  a  poiuid  of  water;  Mil 
hence,  for  a  quantity  of  air  to  raiac  Ut  ovtn  tabane  of  vratei  o- 
degree,  it  must  part  with  770x4,  or  8,060  degri.'es  of  tinn-  : 

Now  the  latent  heat  of  water  is  liS-O"  Fahr..  heut.   i 
tity  of  beat  required  to  melt  a  certain  weight  of  ice  is  i ; 
the  quantity  required  to  ruise  the  same  weight  of  w:>ii  r 
gree  in  tcmporatuni ;  Lence,  a  measure  of  air,  in  order  to  rcdui. 
its  own  volume  of  ice  to  the  liquid  condiUon,  must  lose  8,080  ■ 
1430,  or  430,308  degrees  of  temperature. 

Tliis,  then,  gives  us  an  idea  of  the  amount  of  heiil  -.  ' ,    '  . 
cording  to  tlio  altove  hypothesis,  is  absorbed  by  thi  i 
communicated  to  tlie  ice  during  the  time  occupied  ii^  ■ 
quantity  of  the  latter  equal  in  volume  to  the  bubbb\  ' . : 
isstattid  to  !«  brief;  tiiat  is  to  say  the  quantity  of  li' ..: 
to  be  absorbed  by  the  air  would,  if  it  had  not  been  colli: 
to  the  ice,  have  been  sufficient  to  raise  the  bubble  itHcli  - 
peraturo  100  times  that  of  lUsed  cast  iron.    Uad  air  tlii-'  pu^: 
uf  absorption,  it  might  bo  attended  viih  inconvenitmt  cou^: 
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s  to  tlie  demzene  of  the  earth  ;  for  vc  shonid  dwell  at  the 
n  atmoBpheric  ocean,  the  upper  Btnta  of  which  would 
_     ally  lurest  all  calorific  radiation. 

It  is  cslnbtiebed  by  the  experiments  of  Cclaroche  and  Mel- 
.  Ill,*  tlint  a  calorific  beam,  emerging  from  any  medium  which  it 
■..ji  tt«Yerecd  for  any  distance,  possaacs,  in  an  esalled  degree, 
lilt'  power  of  passing  through  an  additional  length  of  the  same 
aulffitoncc.    Abeorption  takes  place,  for  the  most  part,  in  the  por- 
tion of  the  medium  first  traversed  by  tho  rays.    In  the  case  of  a 
plalis  of  gloss,  for  example,  17^  per  cent,  of  tho  heat  proceeiiing 
IKim  a  haap,  is  absorbed  in  the  first  fifth  uf  a  millimetre ;  wbcro- 
aa,  after  tho  rays  have  passed  through  0  miilimutres  of  tho  sulv 
staiitv,  an  additional  distance  of  3  millimetres  absorbs  less  than  2 
per  CHit.  of  the  rays  thus  tran«uittcd.    Supposing  the  rays  to 
hare  passed  through  a  plate  SQ  millimetres,  or  an  incli,  in  tliick- 
nisi,  thure  is  no  douht  that  the  heat  cmcr^g  from  such  a  plate 
wiiald  pass  through  a  second  layer  of  glass,  1  millimetre  thick, 
R  iilnnit  suDiMing  on;  mcoauiable  absorption.    For  an  incompar- 
:<ly  slroitger  reason,  the  quantity  of  solar  licnt  absorbed  by  a 
'  ihlf  nf  air  at  the  earth's  surface,  after  the  rays  bave  traversed 
thickness  of  our  atmosphere,  and  been  sifted  in  their 
r  ugh  it,  mut  bo  wholly  inappreciable. 
;  1  mistake  not,  are  the  properticE  of  radiant  heat  which 
1  :ii-ic8  have  revealed;  and  I  think  theyreniler  it  evident 
'  .,lI  LiiL'  hjijothi'iaa  of  M.  Agasdz  an<l  the  Mu.°en.  SchUiginlweit 
.w  accepted  without  duo  regard  to  its  consequences. 


5 IV. 

■  qnestion  etill  remains,  how  are  the  water-ebambcra 
.  iihin  tbo  icet  .  .  .  One  simple  test  will,  I  think,  do 
I  -tion  whcliior  the  liquid  is,  or  is  not,  the  product  of 
If  it  be,  its  Toltune  mnsl  be  le«s  than  that  of  the  ieo 
'iii.-ed  it,aud  tiie  bubble  associated  with  the  water  mi^jrl 
''  mritlSfid  air.  Hence,  if  on  oslablishing  a  liquid  i.'on- 
scoo  this  bubble  aod  the  atmosiihcro  a  diminution  of 

■  Iji  TIjfnrodilDse,  p.  202. 
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Tolnnie  bo  obserTed,  this  will  indiciite  that  tie  water  hu  t 
produced  bj  the  melting  of  the  ice. 

From  a  block  of  Norway  ice,  cont^uning  such  compoaad  b 
bles,  I  cut  a  prism,  and  immening  it  in  wt-tm  water,  c 
n  gloss  vessel,  I  carefully  watched  through  the  udo  of  tha  T 
the  eETect  of  tlic  melting  upon  the  bubbles.  T/icy  intarially  A 
in  txiluma  at  the  moment  the  nurTOuniiag  Ke  mat  melted,  Ktd  t 
diminished  globules  of  air  rose  to  the  suriiicc  of  tlie  mteiv  ^ 
then  arranged  matters  so  that  tlie  wall  of  tlie  cavity  D 
melted  away  nndcmcntb,  witliont  permitting  the  bubble  of  aieJ 
tlie  top  to  escape  At  the  moment  the  melting  reached  tlwci 
the  air-babblcB  mstiuitly  collrtpacd  to  a  sphere  possessing,  it 
cases,  fur  less  than  the  hundredth  part  of  its  original  ti 
The  cipcrimenlH  were  repeated  with  several  distinct  masses 
and  always  with  the  same  result.  I  think,  therefore,  it  n 
regarded  as  certain  that  tho  liquid  cells  are  the  product  of » 

Considering  the  manner  in  which  ice  imported  into  tlua  o 
try  is  protected  from  the  solar  rajs,  I  think  ne  must  infer  that  fa 
tho  specimens  examined  by  me,  (/le  »«  ineontaH  trilh  C^bi" 
hat  been  iittlud  hj  /leat,  vhich  ha*  htai  eondwUd  tlawgh  th»  it 
slanee  tnithouf  ulnbUi  pr^uiliee  to  it»  talidUy. 

ParadoKical  as  tiiis  may  appear,  I  think  it  is  do  man  C 
might  reasonably  be  expected  from  A  priori  considcrationL 
heat  of  a  body  is  referred,  at  the  present  day,  to  a  motion  offl 
patticlcB,  When  this  motion  reaches  an  intensity  e 
liberate  the  particles  of  a  solid  &om  their  mutaol  attractions,  ti 
body  passes  into  the  liquid  condition.  Now,  as  rcgnrdB  f 
amount  of  motion  necessary  to  produce  this  liberty  of  liqid  ~" 
the  particles  at  the  atirfaceof  a  muss  of  ice  must  bo  very  <1"~ 
ly  clrcurostanced  from  those  in  the  interior,  which  are  infinc 
and  controlled  on  every  side  by  other  particles.  Bnt  If  we  rf 
pose  a  cavity  to  exist  within  the  mass,  the  poiticles  bonndtug  fl[ 
eavity  will  be  in  a  state  resembling  that  of  the  particles  at  1 
surface;  and  bj  ike.  removal  of  all  oppoang  action  o. 
the  molecules  may  ]jc  liberated  by  a  force  which  the  ai 
mass  has  transmitted  without  prejudice  to  it)  solidity.    Siq 


•  This  of  couree  refere  onlj  to  the  lake  i 
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;  ,2,  for  oxamplB,  that  solidity  is  limited  by  tnolecnlar  vibrations 

1  a  certain  amplitude,  those  at  the  surface  of  tlie  iutcrnal  cavity 

tLiny  eicced  this  limit,  while  thoae  betn-ceu  the  cavity  and  the  cx- 

mtl  mufexx  of  the  ice  may,  by  their  reciprocal  actions,  be  pre- 

'ed  within  it,  just  as  the  tenoinal  member  of  a  series  of  elastic 

t  k  detached  by  a  force  ivhich  has  been  transmitted  by  the 

r  members  of  the  scries  without  visible  separation.* 

Ifffaere,  however,  erperiment  is  within  reach  we  ought  not  to 

~  t  to  specnlation ;  and  I  was  particularly  anxious  to  obtain  aa 

irocal  reply  to  the  question  whether  an  interior  portion  of 

K  of  ice  could  be  melled  by  heat  which  had  passed  through 

BiBabctsnce  by  the  process  of  eonilaetion,    A  piece  of  Norway 

L  eoDttining  a  great  number  of  the  liquid  disks  already  ile- 

X  and  several  cells  of  air  and  water,  was  enveloped  in  tin- 

I  placed  in  a  mixture  of  pounded  ice  and  salt.    A  few 

•  BUfEced  to  freeze  the  disks  to  thin  dusky  circles,  which 

»  some  cases,  to  be  formed  of  concentric  rings,  and 

!•  luioded  me  of  the  sections  of  certain  agates.    I^iokcd  at  side- 

■  .i,vB,  these  disks  were  no  thicker  than  a  fine  line.    The  watcr- 

■  11^  were  also  frozen,  and  the  associated  nir-ltuliblea  were  greatJy 
iiiiiiniBhed  in  riie.  I  placed  the  mass  of  ice  between  me  and  a 
■  -flight,  and  observed  it  through  a  lens :  after  some  time  the 
'  I  .'ks  and  water-cells  showed  signs  of  breaking  up.  Tlie  rings  of 
\n:  disks  disappeared  ;  the  contents  seemed  to  aggregate  so  as  to 

;  rm  larger  liquid  spots,  and  finally,  some  of  them  were  reduced 
'  '  dear  transparent  disks  as  before. 

But  an  objection  to  tim  experiment  is,  that  the  ice  may  have 
Icf-D  liquefied  by  the  radiation  from  the  lamp,  and  I  have  experi- 
ments li>  describe  which  will  show  the  justice  of  this  objection. 
A  rMtaQgnlnr  alab,  I  inch  thick,  8  inches  long,  and  S  wide,  was 
iliprcfore  laken  ttom  a  mass  of  Norway  ice,  in  which  the  aaaociat- 

■  I  itir  and  water-cells  wore  very  'listinct.  I  enveloped  it  in  tiu- 
11,  and  placed  it  in  a  freezing  mixture.    In  about  ten  minutes 

'  '..■  water-blolis  were  completely  frozen  within  the  mass.  It  was 
iiiiicdiBtely  placed  in  a  liark  room,  where  no  radiant  heat  conld 

I  -"ibly  affect  it,  and  examined  every  quarter  of  an  hour,  Tho 
iji  froKcu  spotn  gradually  broke  up  into  little  water  parcels,  and 
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in  two  hoore  the  walct-blebe  were  perfectlj  restored  in  tlio  c«ntic 
of  tbe  slnb  of  ice.  When  last  eiamined,  thia  plate  was  half  u 
incli  thick,  and  the  drops  of  Uqnid  were  seen  right  at  ita  centre. 

A  second  piece,  similorl;  frozen  and  wrapped  np  in  fianncl, 
showed  tbe  some  deportment.  In  an  hour  and  a  half  the  frozen 
water  eurroundiug  the  air-bubblca  was  restored  to  its  liquid  coa- 
dilion.  Hence  no  doubt  can  remain  aa  to  the  poBMbility  of  cflcct- 
ing  liquefaction  in  the  interior  of  a  moss  of  ice,  by  heat  whidi 
liQB  passed  by  emdviAioa  through  the  enlsstance  without  melting  it, 

I  have  already  referred  to  the  formation  of  the  liquid  caritira 
observed  by  M.  Agassiz,  when  glacier  ice  was  exposed  to  the  son. 
The  same  dTect  may  be  produced  by  esposure  to  a  glowing  eonl 
fire.  Ou  the  21st  and  33nd  of  November,  I  thus  exposed  platei 
of  dear  Wenham  Lake  ice,  which  contained  some  Mattered  air- 
bubbles.  At  first  the  bubbles  were  abariilj  rounded,  and  wilhi 
any  trace  of  water.  Soon,  however,  those  near  the  EUr&oe, 
which  the  radiant  heat  fell,  appeared  encircled  by  a  liquid 

which  expanded  and  finally  became  crimped  at  its  border, 
13  shown  in  the  adjacent  figure.  The  crimping  becaniL 
uorc  pronounced  aa  the  acrion  was  permitted  to  continue.* 

A  second  plate,  crowded  with  bubbles,  was  held  aa  near  to  the 
fire  as  tbe  hand  could  bear.    On  withdrawing  it,  and  c 
it  through  a  pocket  lens,  the  appearance  was  perfectly 
In  many  cases  the  bubbles  appeared  to  be  sunoundod  by 
of  concentric  rings,  the  outer  ring  surrounding  oil  the  othsn 
a  crimped  frill. 

I  could  not  obtain  these  effects  bj  placing  the  ice  in  co 
with  a  plate  of  metal  obscurely  heatcdt  nor  by  the  radiation 
an  obsenrB  source.    Indeed  ice,  as  before  remarked,  is  im] 
to  radiant  heat  from  such  a  source.^    The  rays  Scorn 

*  Tbe  LloUa  (iliscrvciJ  in  glacier  iee  a]9o  exhibit  lUis  form:  aoefi^l 
pUtc  6,  oftlic  Alks  toUie  'Sjslfnie  Glnciuire.'    In  Hg,  13  trabavoil 
ulo9u  resemblance  of  the  Ooircr-sbBpeU  figures  produced  by  nuliant  i 

\  To  dcvolope  nater-eatitics  within  ice  a  conKiIerable  Uj 
more  tjme,  indeed,  thau  was  suffieiont  to  melt  the  entire  [ijecca  eif  ioe 
use  of  in  these  nmlaet  esgierimcnls. 

}  Ueocc  the  »eundii«»  of  the  ice  undcrlhe  nomlnca;  the  wrt 
aie  eonverted  intoobaeurc  heat  hy  Ihe  overlringildiris:  (tiidoaJyal 
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fire  also  are  wholly  absorbed  near  the  snr&co  upon  wbicli  they 
strike,  and  hence  the  described  mtemal  liquefaction  was  confined 
to  a  thin  layer  close  to  this  surface. 

But  not  only  does  liquefaction  occur  in  connection  with  the 
bubbles,  but  the  *■  flowers,'  already  described  as  produced  by  the 
solar  beams,  start  by  hundreds  into  existence,  when  a  slab  of 
transparent  ice  is  placed  before  a  glowing  coal  fire.  They,  how- 
crer,  are  also  confined  to  a  thin  stratum  of  the  substance  close  to 
the  surfiu^  of  incidence.  In  the  experiments  made  in  this  way, 
the  central  stars  of  the  flowers  were  often  bounded  by  sinuous 
lines  of  great  beauty. 

The  foregoing  considerations  show  that  liquefaction  takes 
place  at  the  surface  of  a  mass  of  ice  at  a  lower  temperature  than 
that  required  to  liquefy  the  interior  of  the  solid.  At  the  surface 
the  temperature  82°  produces  a  vibration,  to  produce  which,  with- 
in the  ice,  would  necessitate  a  temperature  of  Q2°+x;  the  incre- 
ment X  being  the  additional  temperature  necessary  to  overcome 
the  reflostance  to  liquefaction,  arising  from  the  action  of  the  mole- 
cules upon  each  other. 

Now  let  us  suppose  two  pieces  of  ice  at  32°,  with  moistened 
Borfaccs,  to  be  brought  into  contact  with  each  other,  tee  tJiercby 
tiriuaUy  transfer  the  touching  portions  of  these  pieces  from  the  sur^ 
face  to  the  interior ^  where  82+:b  is  the  melting  temperature, 
liquefaction  will  therefore  be  arrested  at  those  surfaces.  Before 
being  brought  together,  the  surfaces  had  the  motion  of  liquidity, 
but  the  interior  of  the  ice  has  not  this  motion ;  and  as  equilibrium 
wiU  soon  set  in  between  the  masses  on  each  side  of  the  liquid  film 
and  the  film  itself,  the  film  will  bo  reduced  to  a  state  of  motion 
inconsistent  with  liquidity.  In  other  words^  it  tciU  le  frozen^  and 
mU  cement  the  two  surfaces  of  ice  'beticeen  which  it  is  enclosed* 

If  I  am  right  hero,  the  importance  of  the  physical  principles 

layer  of  infinitesimal  depth,  and  cannot  produce  the  disintegration  of  tho 
deeper  ice,  as  the  direct  sunbeams  can. 

*  It  Is  here  implied  that  the  contact  of  the  moist  surfaces  must  be  so 
perfect,  or,  in  other  words,  tho  liquid  film  1)etwcen  them  must  be  so  thin, 
OS  to  cnablo  the  molecules  to  act  upon  each  other  acrois  it  The  extreme 
tenuity  of  tho  film  may  bo  inferred  from  this.  A  thick  plate  of  water 
within  tho  ice  would  facilitate  ntlicr  than  retard  liquefaction. 
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ioTolred  arc  sufficiently  nmmfcst :  if  I  tun  wtod^,  I  hojK  t  taavB 
BO  expressed  mymif  as  to  render  the  delectioo  of  my  error  ea^^  J 
Bigbt  or  tvroDg,  my  aim  has  been  to  give  aa  explicit  nttcrancs  H 
my  meaning  aa  the  subject  will  admit  of. 


S  V. 

Mr,  Faraday's  ezperimentB  on  the  freering  together  of  pieces  of 
ico  at  32°  PaLr.,  and  ell  of  those  recounted  in  the  paper  pnhlishc-l 
by  Mr.  Hnsley  and  myself,  find  their  explanation  in  Uie  principk-s 
here  laid  down.    The  conversion  of  snow  info  nfv*,  and  of  nfrt 
into  glacier,  is  perhaps  tlie  grandest  illustratioa  cf  the  same  prin- 
ciple.   It  has  been,  however,  angg^ed  to  me  that  (lie  sticking 
together  of  two  pieces  of  ice  may  be  an  act  of  coheaion,  similar 
that  which  enables  pieces  of  wetted  glass,  and  odier  rim 
bodies,  to  stick  together.    This  is  not  the  case.    There  is  n< 
ing  motion  possible  to  the  ice.  When  contact  is  broken,  it  1 
-witli  the  snap  due  to  the  rupture  of  a  solid.    Glass  and  ice  o 
be  made  to  stick  thus  together,  neither  can  glass  and  gins,  a 
alum  and  alum,  nor  nitre  and  nitre,  at  common  tempernturee.   ' 
hare,  moreover,  placed  pieces  of  ice  together  over  night  and  foa 
them  in  tlie  morning  so  rigidly  froEcn  together  that  when  I  m 
to  separate  them,  the  aurface  of  fracture  passed  throagh  o 
them  in  preference  to  taking  the  surface  of  regelatton. 
sagacious  persona  have  also  su^^cd  to  me  that  tbe  ice  t) 
ported  to  this  country  from  Norway  and  Wenham  Lake  may  p 
nbly  retain  a  re^due  of  its  cold,  snlScicnt  to  freeze  a  tbln  t 
endosed  between  two  pieces  of  the  substance.    But  the  t 
ready  adverted  to  are  a  sufficient  reply  to  Qm  BUnnise.    Hie  fl 
experimented  on  cannot  be  rc^rdcd  as  a  magosaue  of  cold,  Ac 
pareeU  cf  liquid  teatcr  niH  within  it. 


LECTURE    X. 

[March  21,  18G2.] 

ABBOEFTION  OF  HXAT  BT  GASEOUS  MATTER — APrARATUS  EMPLOTEIX^EARLT 
DimCULTIES — DIATHERMAUCT  OV  AIR  AND  OF  THE  TRANSPARENT  £LE- 
MZBTABT  OASES — ^ATHERSfANCT  (opACITT)  OF  OLEFIANT  GAS  AND  OF  THE 
COXPOUXD  OASES — ABSORPTION  OF  RADIANT  HEAT  BY  TAPOURS — RADIA- 
TIOJI  OF  mCAT  BT  OASES — RECIPROCITY  OF  RADIATION  AND  ADSORPTION 
— IVrLUmCM  OF  molecular  constitution  ON  THE  PASSAGE  OF  BA- 
DLAHT  BEAT. 

IN  our  last  lecture  we  examiBed  the  diathermancy,  or 
tnmapare&cj  to  heat,  of  solid  and  liquid  bodies ;  and  we 
then  learned,  that  closely  as  the  atoms  of  such  bodies  are 
packed  together,  the  interstitial  spaces  between  the  atoms 
afibrd,  in  many  cases,  free  play  and  passage  to  the  ethereal 
undulations,  which  were  transmitted  without  sensible  hin- 
drance among  the  atoms.  In  other  cases,  however,  we 
found  that  the  molecules  stopped  the  waves  of  heat  which 
impinged  upon  them;  but  that  in  so  doing,  they  them- 
selves became  centres  of  oscillation.  Thus  we  learned  that 
while  perfectly  diathermic  bodies  allowed  the  waves  of 
heat  to  pass  through  them  without  sufering  any  change  of 
temperature,  those  bodies  which  stopped  the  calorific  flux 
became  heated  by  the  absorption.  Through  ice,  itself,  we 
sent  a  powerful  calorific  beam ;  but  as  the  beam  was  of 
such  a  quality  as  not  to  be  intercepted  by  the  ice,  it  passed 
through  this  highly  sensitive  substance  without  melting  it. 
We  have  now  to  deal  with  gaseous  bodies ;  and  here  the 
interatomic  spaces  arc  so  vastly  augmented,  the  molecules 
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are  so  completely  released  from  all  rnutnal  enta 
thai  Tve  shoult]  be  almost  justified  in  concluding  that  g 
nod  vapours  furnish  a  perfectly  open  door  for  the  pan 
of  the  calorific  waves.     This,  indeed,  until  quite  recent] 
was  the  universal  belief,  and  tho  conclusion  ^aa  verified  1] 
Guch  experiments  as  had  been  made  on  atmospbeno  ■ 
which  was  found  to  give  no  cvidcnco  of  abBorption. 

But  eaoh  succeeding  year  augments  our  experiment 
powers ;  our  predecessors  wore  often  obliged  to  fight  v 
flints,  where  wo  may  nse  Bwords,  and  hence  the  ooof 
with  Nature  is  not  decided  by  their  discomfiture.    Let  B 
then,  test  onec  more  tho  diathermancy  of  atmospheric  ol 
We  may  make  a  preliminary  essay  in  the  folloft-ing  way 
I  have  hero  a  lioUow  tin  cylinder  a  d  {fig.  89),  4  feet  !o 
and  nearly  3  inches  in  diameter,  through  which  we  i 
send  our  calorific  rays.   We  must,  however,  be  able  to  o 
pare  the  passage  of  the  rays  through  the  air,  with  tl 
passage  through  a  >'acuuni,  imd  hence  we  mast  have  son 
means  of  stopping  the  ends  of  our  cylinder,  so  as  tc 
able  to  exhaust  it.    Here  wo  encounter  our  firet  cx\ 
mental  difficulty.    As  a  general  rule  obscure  heat  is  mot 
greedily  absorbed  than  luminous  heat,  and  as  our  object 
to  make  the  absorption  of  a  highly  diathermic  body  » 
ble,  wc  axe  most  likely  to  eOect  this  object  by  employii 
obscure  heat. 

Our  tube,  therefore,  most  be  stopped  by  a  snhsCa 
which  permits  of  the  free  passage  of  such  heat,  ^all 
use  glass  for  the  purpose  ?  An  inspection  of  tho  taUa 
page  311  shows  na,  that  for  such  rays  jilates  of  glass  woi 
be  perfectly  opaque ;  we  might  as  well  stop  onr  tube  n 
plates  of  metal.  Obsen'e  here  how  an  investigator's  n 
are  ttimod  to  account  by  his  successors.  From  one  expt 
niont  buds  another,  and  science  grows  by  the  continiial  i] 
radation  of  ends  to  moans.  Ilad  not  Mclloui  discoven 
the  diathormio  properties  of  rockaalL,  wo  Bboiild  now  to  l 
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teriy  at  a  loss.  For  a  time,  however,  I  was  extremely  ham- 
pered by  the  difficulty  of  obt^ning  plates  of  Bait  suffidently 
large  and  pure  to  stop  the  ends  of  my  tube.  But  a  scientific 
worker  does  not  long  lack  help,  and,  th-inlcH  to  such  friend- 
ly ud,  I  have  here  plates  of  tliis  precious  substance  which, 
by  means  of  these  caps,  I  can  screw  air-tight  on  to  the  ends 


of  my  cylinder.*    Ton  observe  two  stopcocks  attached  to 
tho  cylinder ;  this  one,  c,  is  connected  with  an  air-pump,  by 

■  AtKtima  wbcnlinisgrcatl;mnccd  of  nsupgilf  of  rock3iilt,l£tate(l 
my  mnti  in  the  '  I^osophical  Uagozmc,'  and  met  idth  un  immediate  rc- 
■ponao  from  Sir  John  HcTBchcl.  lie  sent  mo  n  block  of  salt,  accompanied 
by  k  note,  from  irhich,  as  it  refers  to  the  purpose  for  vhich  the  salt  ims 
originiUj  dcagDcd,  I  itill  make  on  extract.  1  haro  not  fct  been  able  to 
examine  the  extreme];  remnrkablo  point  U>  which  tho  eminent  itritcr  di- 
TFdB  my  attention.  I  am  also  grcntlf  indebted  to  Dr.  Szabo,  the  Ilunga- 
rian  Commisuoner  to  tho  IntcmalJonal  Eihibitton,  by  ichom  I  iiavo  been 
lotdf  raised  to  campatatiro  opnlencc,  as  regards  the  possession  of  rocksoit. 
To  the  Messrs.  Fletcber,  of  Northirich,  and  to  Mr.  Corlictt,  of  JJrom* 
groTc,  my  best  thanks  ore  also  due  for  their  obliging  kindness. 

Here  foUowa  the  extraet  from  Sir  J.  IIcrBcbcl's  now ;—' After  the  pnlili- 
cation  of  my  paper  in  tho  rtiil.  Trans.,  1840, 1  nas  very  dcurous  to  disen- 
gage myself  from  tho  Influence  of  glass  prisina  snd  lenscx,  and  aacertain,  if 
powiblo,  vbctliCT  in  reality  my  insulated  heat  spots  ^  7  B  *  in  tho  spectrum 
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wtiioh  the  liibe  can  be  exhausted ;  while  through  tills  otl 
one,  c',  1  can  allow  nir  or  aii^  other  gas  to  cntor  tlie  tol 

At  one  end  of  the  cylinder  I  plnco  this  Leslie's  cube 
containing  boiling  water ;  ajid  wliich  is  coated  with  li 
blauk,  to  aagmeot  its  power  of  radiation.  At  the  other 
of  the  cylinder  stands  our  thermo-electric  pile,  from  irbii 
wires  lend  to  the  galvanometer.     Between  the  end  of  llie 
cylinder  and  the  source  of  heat  I  have  introduced  a  tin 
screen,  t,  which,  when  withdrawn,  will  allow  the  calorifio 
rays  to  pass  tlirongh  the  tubo  to  the  pUc.    We  first  euLi 
the  cylinder,  then  draw  the  screen  a  little  aeidc,  and 
the  rays  are  traversing  a  vacuum  and  falling  upon  the 
The  tin  screen,  you  obaeive,  is  only  partially  withdraw': 
and  the  steady  deflection  produced  by  the  heat  at  present 
tnuismitted  is  30  degrees. 

Let  us  now  admit  dry  air :  I  can  do  so  by  means  of  the 
cock  c',  frooi  which  a  piece  of  flexible  tubing  leads  to  the 
bent  tubes  v,  u',  the  ugo  of  which  I  will  now  explain ;  v  la 
filled  with  fragments  of  pumice  stone  moiKtened  with  a 
lution  of  caustic  potash ;  it  is  destined  to  withdraw  wl 

were  of  Holar  or  lerrcsUal  origin.  IlodistJl  was  Ihe  obvious  r 
oTtcr  man;  and  fruitless  cudravours  lo  obtiiin  satScit-Dtly  large  and  g 
Bpectmcns,  tbc  late  Dr.  Somerrille  fu  so  good  as  lo  acud  me  (u  I  mdl 
etood  Trom  a  fricud  in  OUwhirc)  tbc  rerf  fine  block  which  I  nov  b 
Tt  is,  lionarer,  iniicU  omolted,  but  I  bavu  no  dimht  pievcB  large  on 
lenKs  and  prisma  (especinllj  if  cemented  togGliicr)  iniglit  b«  got  b 

'Bat  I  iTKs  Dot  prepared  for  Ibe  working  of  it— evidGntljAterj-di 
and  dilGeult  proovso,  (I  proposed  to  difolvc  off  Ihe  coroerH,  Ac.,  •B^  M 
were,  lick  it  into  ahiipp)  mid  though  I  Iraro  never  quite  IobI  ai 
mutter,  I  Iuifu  not  ytt  been  ablo  lo  do  onyibiug  wiib  it :  mtuiwbile,  I  pi 
it  bj.  On  Inokiug  nt  it  a  jear  or  two  after,  I  wm  diamnjcd  to  Dnd  it  In 
luat  niucb  1)7  delii|uest«nce.  Aucordingly,  I  potted  it  up  i: 
cartlicn  diaii,  with  iron  rim,  nod  pinued  it  on  an  uppuralu'll'  lua  ruOln  w 
an  Amott  alore,  where  U  has  r«maiuvd  ever  fiince. 

'IT you  should  findit  of  on^  use  I  woidd  ask  you,  ifposelble,  U 
mj  experimeut  is  described,  wil  actllc  that  puiiit,  wliicliliis  always  N 
mo  Hi  a  Tcry  important  one,' 
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ex-er  carbonic  acid  may  bo  contained  in  tbo  air ;  a'  is  a  sim- 
ilar tabc,  filled  with  Irogmenls  of  pumice  stono  moiatgued 
with  fiulpburio  acid ;  it  is  intended  to  absorb  the  aqueous 
»iir  of  the  air.  Thus  the  iur  reaches  the  cylinder  de- 
lired  both  of  its  aqueous  vapour  and  its  carbonic  acid.  It 
I  now  eaiteiiDg, — the  mercury-gauge  of  the  pump  is  de- 
indiog,  and  aa  it  enters  I  would  beg  of  you  to  observe 
If  the  entrance  of  the  Eur  diminish  the  radli- 
jT^uNi  tlLTOogh  the  cylinder — if  air  bo  a  substance  ^vhlcb  is 
competent  to  destroy  the  waves  of  ether  in  any  sensible 
d«grp(! — tiiis  will  be  declared  by  the  dimiuished  deflecttoa 
of  the  gal\  anometer.  The  tube  is  now  full,  but  you  see  no 
cbatigc  in  the  position  of  the  needle,  nor  oould  you  eec  any 
changv  even  if  you  were  close  to  the  uistrument.  The  air 
ibud  examined  scenia  as  transparcDt  to  radiant  heat  as  the 
n  itself. 

By  changing  the  Bcroen  I  can  alter  the  amount  of  heat 
ing  npon  the  pile ;  thus,  by  withdrawing  it,  I  can  cause 
6  needle  to  stand  at  40',  60°,  00%  70"  and  80"  in  sncces- 
;  and  while  it  occujacs  each  position  I  c.in  repeat  tho 
mont  which  I  have  just  perfomied  before  you.  In 
Tto  instance  could  you  recognize  tho  slightest  movement  of 
tbo  needle.  The  same  is  the  case  if  I  imah  the  screen  for- 
WAid,  so  as  to  rediico  tho  defection  to  20  and  10  degrees. 

The  experiment  just  made  ia  a  question  addreased  to 

tTuuro,  and  her  silonco  might  be  constnicd  utto  a  neg.itive 

Bnt  a  natural  philosopher  must  not  lightly  accept  a 

ptive,  and  I  am  not  Bure  that  we  have  put  onr  question 

I  best  poesiblo  language.    Let  us  analytio  what  w« 

»  done,  and  first  consider  the  case  of  our  smallest  dc- 

lUon  of  10  degrees.    Supposing  that  the  air  id  not  per- 

Mtlf  diathermic ;  that  it  rually  intercepts  a  small  portion 

say  tlio  thousandth  part  of  the  heat  passing  through  the 

ibo— that  oat  of  every  thousand  rays  it  struck  down  ouo ; 

loold  we  bo  able  to  detect  this  execution  ?    This  abiiorp- 
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tion,  if  it  took  place,  would  lower  tbe  deflection  the  tho 
sandth  part  of  ten  degrees,  or  llie  hundredtli  part  of  o 
degree,  a  diminution  which  it  would  be  iinposaiblc  for  yo 
to  Bee,  even  if  you  were  close  to  ibe  galvanometer.* 
the  case  here  supposed,  l/ie  total  </ua?iti(y  of  heat  /itHh 
upon  the  pile  is  so  ificonsidcral>k,  that  a  small  Jraction  qj 
it,  even  if  absorbed,  might  well  escape  dtleclioi. 

But  we  have  not  confined  ouraelvefl  to  a  small  qnantit 
of  heat ;  the  result  waa  tbe  same  when  the  deflection  ti 
80°  as  when  it  was  10",  Uere  I  must  ask  you  to  sliDipc 
your  attention  and  accompany  me,  for  a  time,  over  rathi 
diflicult  gro;uid.  I  want  now  to  moke  cleaily  inleUigib 
to  you  an  important  peculiarity  of  the  galvanomelcr. 

The  needle  being  at  tKiro,  let  us  suppose  a  quantity  0 
heat  to  fall  upon  the  pile,  sufficient  to  produce  a  doflectit 
of  one  degree.  SuppoBC  that  I  afterwards  augmeat  tl 
quantity  of  heat,  bo  as  to  produce  dt-Dectiona  of  two  d 
grocB,  three  degrees,  four  degrees,  five  degrees;  I  1" 
know  that  the  quantities  of  heat  which  produce  these  d 
flcclioDS  stand  to  each  other  in  the  ralioa  of  1  :  2  :  3  :  4  ;  J 
the  quantity  of  heat  which  produces  a  deflection  of  B"  b 
ing  exactly  five  times  tliat  which  jiroduces  a  deflection  o 
1".  But  this  proportionality  exists  only  so  long  as  thed 
flections  do  not  exceed  a  certain  magnitude.  For,  ae  ti 
needle  is  drawn  more  and  more  aside  from  zero,  the  ca 
rent  acts  upon  it  at  an  ever  augmenting  di^advautagi 
The  case  is  illustrated  hy  a  sailor  working  a  capstno  J  ! 
always  applies  his  strengtli  at  right  angles  to  thelova 
for,  if  he  applied  it  ohliqucly,  only  a  portion  of  that  Btrongl 
would  ho  effective  in  turning  the  capstan  round.  And  I 
the  case  of  our  electric  current,  when  the  needle  is  vei 
oblique  to  the  current's  direction,  only  a  portion  of  its  fori 

*It  will  Ikt  borne  !u  miml  thatl  ua  liercqHMiliingor^<n)H<«MCf 
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ii  Lflective  in  moving  the  needle  lonnd.  Thus  it  happens, 
:  !iat  though  the  qoantity  of  heat  may  bo,  and,  in  our  cose, 
.J,  accnrately  expressed  by  the  strength  of  the  current 
which  it  excites,  sliil  tho  larger  deflections,  inasmuch  aa 
thoy  do  not  give  us  the  action  of  the  whole  current,  but 
only  of  a  part  of  it,  cannot,  be  a  true  measuro  of  the 
amount  of  heat  falling  upon  the  pile. 

The  galvanometer  now  before  you  is  bo  couEtmctcd 
that  tlic  augles  of  deflection,  np  to  30°  or  thereabouts,  are 
proportional  to  the  quantities  of  heat ;  the  quantity  nccea- 
sary  to  move  the  needle  from  30"  to  31°  is  nearly  tho  same 
as  that  required  to  move  it  from  0°  to  l''.    But  beyond  30° 
iho  proportionality  ceases.    The  quantity  of  heat  required 
to  Runo  the  needle  from  40°  to  41°  is  three  times  that  ne- 
f  to  move  it  from  0"  to  l" ;  to  deflect  it  from  50"  to 
"  requires  five  times  the  heat  necessary  to  move  it  from 
)  l";  to  deflect  it  from  60"  to  01"  requires  about  ten 
bs  the  heat  necessary  to  more  it  from  0°  to  1'  ;  to  de- 
t  it  from  70°  to  71^  requires  nearly  twenty  times,  while 
1  it  from  80°  to  91°  requires  more  than  fifty  limes 
i  heat  necessary  to  move  it  from  0°  to  1°.     Tims,  tlie 
r  wc  go,  the  greater  is  the  quantity  of  heat  reprcscnt- 
y  a  degree  of  deflection ;  the  reason  being,  that  tho 
B  vhich  then  moves  the  needle  ia  only  a  fraction  of  the 
(  really  circulating  in  tho  wire,  and  hence  represents 
f  «  fraction  of  the  heat  falling  upon  tho  pile. 
■'By  a  certam  process,  which  I  will  not  stop  here  to  de- 
an express  the  higher  degrees  in  terms  of  tho 
r  onea  j  I  thus  loam,  that  while  deflections  of  10°,  20°, 
',  rcspecUvely,  oipreaa  quantities  of  heat  represented  by 
»  nnmbers  10,  20,  so,  a  deflection  of  40°  represents  a 
IntHy  of  heat  cspressed  by  the  number  47  ;  a  deflection 
IfiO'  expreases  a  quantity  of  heat  expressed  by  the  nuin- 
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ber  80 ;  wliilo  tho  dcdcctiona  00°,  70",  80°,  expreBS  qui 
titJes  of  heut  nliif!li  inureaHo  in  a  maoli  mora  rapid  t 
than  the  deflections  themselves. 

What  is  the  upshot  of  this  analyeia?    It  will  drive  n 
I  tliink,  to  a  better  method  of  questioning  Nature.   It  leadi 
to  tlio  reflection  that,  when  wq  niakc  our  angles  small,  tl 
qnontity  of  heat  f:Jling  on  the  pile  ia  so  incoDsiderable,  tl 
own  if  a  fraction  of  it  were  absorbed,  it  might  csci^ie  dw 
tcction ;  while,  if  wo  make  our  deflections  largo,  by  em 
ploying  a  powerful  flux  of  heat,  tlie  needle  ia  in  a  posiUodj 
from  which  it  would  require  s  c^usiderable  addiUou  i 
Hbatractiou  of  heat,  to  move  it.    Tlio  l,000lh  part  of  t 
whole  radiation  in  the  one  caaa  would  bo  too  small,  a 
lutely,  to  be  measured ;  the  1  ,OO0th  part  in  the  other  e 
might  be  something  considerable,  without,  however,  1 
con^derable  enough  to  aflect  the  needle  in  any  seiuuble  Ati 
grec.    When,  for  esumplo,  the  deflection  is  over  80°, 
augmentation  or  diminution  of  heat,  etjuivalent  to  IS  or  3 
of  the  lower  degrees  of  the  galvanometer,  would  be  scarec 
ly  measurable. 

We  are  now  face  to  face  with  our  problem  ;  it  is  tl 
to  work  with  a  flux  of  heat  so  large  that  a  small  fracti(» 
part  of  it  will  not  bo  mflniteBimal,  and  still  to  keep  o\d 
needle  in  its  most  SGUsitive  position.    If  we  c 
plish  this  we  shall  augment  indefluitely  our  esperimenta 
power.    If  a  fraction  of  the  heat,  however  email,  be  Iftte 
cepted  by  the  gas,  toe  can  augmcit  the  absolute  row 
t/iat  fraction  by  auf/tmiiting  tke  total  o/tehic/t  ic  ia  a 
tion. 

The  problem,  happily,  admits  of  an  eSective  pm 
solution.    You  know  that  when  we  allow  heat  to  fall 
the  opposite  faces  of  the  therm o-electrio  i)ile,  the  cui 
generated  neutralise  each  other  more  or  less ;  and,  !f  i, 
quimtitioa  of  heat  falling  upon  the  two  faces  be  perfec 
equal,  the  neutralisation  ia  complete.     Our  gal^anomeU 
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s  now  deflected  to  80"  by  tho  flnx  of  heat  passing 
igU  tliP  tube  ;  I  uncover  the  second  face  of  tbe  pile, 
ti  it  with  its  conical  reflector,  and  place  a  second  cube 
fboiliDg  wat(;r  in  front  of  it;  the  needle,  as  you  eec,  de- 
nstantly. 

By  tue^uia  of  a  proper  adjusting  ecreen  I  con  so  regulate 
B  quantity  of  heat  lalling  upon  the  poBt«rior  face  of  the 
le,  that  it  shall  exactly  neutralise  the  heat  incident  upon 
p  other  face :  this  is  now  oflccted ;  and  tho  needle  points 
t^aaro. 

.  Hots,  then,  we  have  two  powerful  and  perfectly  equal 
a  of  heat,  falling  upon  the  opposite  faces  of  the  pile, 
one  of  which  paBScs  through  our  exhausted  cylinder.  If  I 
allow  air  to  enter  the  cylinder,  and  if  this  wr  exert  any  ap- 
[ircciable  action  upon  the  raya  of  heat,  the  equality  now 
1  \  18 ling  will  be  destroyed ;  a  portion  of  the  rays  passing 
iirough  the  tube  being  etmck  down  by  tho  air,  the  second 
-  jurco  nf  heat  will  triumph ;  tho  needle,  now  in  its  moat 
I  nsitive  portion,  will  be  deflected ;  and  from  the  magni- 
Tinlc  of  the  deflection  we  can  accurately  calculate  the  ab- 
sorption. 

[  h.ive  thus  fikotchcd,  in  rough  outline,  the  apparat\is  by 
which  our  researches  on  the  relation  of  radiant  heat  to 
gnwoiiK  :uattor  must  bo  conducted.  The  necessary  tests 
are,  however,  at  the  same  time  so  powerful  and  so  delicate, 
J;;it  a  I'Oiigh  apparatus  like  that  just  described  would  not 
ni*wer  our  purpose.  But  you  will  now  experience  no  diffi- 
uliy  in  comprehending  the  oonstructiou  and  application  of 
I'.i!  uiore  jjcrfeet  apjiaratus,  with  which  the  otijeriojents  on 
:L»cou8  aliHorplion  and  rudiation  have  been  actually  made. 
::ii'c  Plale  I,,  at  tho  end  of  the  volume. 

iletwceu  fi  and  a'  strelches  tho  exjierimental  cylinder,  a 
hoDow  tube  of  brass,  polialied  within  j  at  s,  and  s',  are  the 
{ilatea  of  rock  salt  which  close  the  cylinder  air-tight ;  the 
length  from  8  to  s',  in  the  experiinciitt  to  be  first  recorded, 
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ia  4  feet,  c,  the  eource  of  heat,  is  a  cube  of  cast  copper, 
filled  with  wat€r,  wliic!i  is  kept  conUnnally  boiling  by  the 
lamp  L.  Attached  to  the  cube  c  by  brazing  is  the  abort 
oylimler  f,  of  the  same  diameter  as  the  esperimental  cylin- 
der, and  capable  of  being  connected  Mr-tight  with  the  lal- 
ter-at  s.  Tbus  botireen  the  source  c  and  the  end  s'  of  the 
experimental  tube,  we  have  the  front  chnmher  v,  froni 
which  the  air  can  be  removed,  eo  that  the  rays  from  the 
source  will  enter  the  cylinder  s  s'  uDsifteil.  To  prevent 
the  beat  from  the  Bource  c  passing  by  condnetion  to  the 
plato  at  fi,  the  chamber  f  ia  caused  to  pass  throngh  the 
vessel  V,  in  which  a  stream  of  cold  M'atcr  continually  circu- 
lates, entering  through  tlie  pipe  i  i,  which  dips  to  tlie  bot- 
tom of  the  vessel,  and  escaping  tbrongh  the  waste-pipe  c  e. 
The  esperimental  tube  and  the  front  chamber  are  connect- 
ed, indopcndenlly,  ivitli  the  air-pump  a  a,  bo  that  citlicr  of 
them  may  be  exhausted  ov  filled  without  interfering  with 
the  other.  I  may  remaik  that  in  later  arrangements  the 
experimental  cylinder  was  supported  apart  from  the  pnmp, 
being  connected  with  the  latter  by  a  flexible  tube.  The 
tremulous  motion  of  the  pump,  ivhich  occurred  when  the 
connection  was  rigid,  was  thus  completely  avoided.  H 

p  is  the  tbermo-electnc  pile,  placed  on  its  stand  at  lAfl 
end  of  the  experimental  tube,  and  furnished  with  its  t^B 
conical  reflectors,  c'  is  the  cotvpensating  mbe,  used  tfl 
neutralise  the  radiation  from  c  ;  n  is  the  agisting  wwM 
whieh  ia  capable  of  an  cxcuedmgly  fine  motion  to  and  fitfa 
n  N  is  a  delicate  galvanometer  connected  witli  tho  imIb  ^| 
by  the  wires  w  to'.  Tho  graduated  tube  o  o  (to  the  rig^| 
of  tlio  plat«),  and  tlie  appendage  m  k  (attached  to  tho  ce^| 
tre  of  the  experimental  tube)  shall  be  referred  to  more  pM^| 
ticubrly  by  and  by.  ^| 

I  should  hardly  sustain  your  interest  in  stating  Uie  di^H 
cultics  n'bich  at  first  beset  tlie  investigation  conducted  wi^| 
this  apparatus,  or  ibo  niimber!c58  precanfions  which  l]^| 
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Lt  baloQciog  of  the  two  powcrfol  sources  of  Iicat,  lierc 
rtcd  to,  reiiderod  necessary.  I  believe  the  experiments 
maae  uritb  atmospheric  air  alono  might  bo  numbered  by 
tens  of  tliousanda.  Sometimes  for  a  week,  or  even  for  a 
fiprlnight,  coincident  and  satisfactory  results  wonld  be  ob- 
L-iincd ;  tUe  Strict  conditions  of  accurate  experimenting 
would  appear  to  be  lonnd,  when  on  additional  day's  ex- 
[lericncu  wonld  destroy  the  superatrncture  of  hope,  and  ne- 
cesKLite  a  recommencement,  under  changed  conditions,  of 
the  whole  enquiry.  It  is  this  which  daunts  tho  experi- 
menter; it  is  this  preliminary  fight  with  the  eotanglementa 
of  &  subject,  ao  dark,  so  doubtful,  bo  uncheering ;  without 
any  knowledge  whether  the  conflict  is  to  lead  to  anything 
wortfi  poraeasing,  that  renders  discovery  difficult  and  rare. 
But  the  ciperimenter,  and  particularly  the  young  oxperi- 
ntcDtvr,  ought  to  know,  that  as  regards  hia  own  moral  man- 
hood, he  cannot  but  win  if  he  only  contend  aright.  Even  with 
a  nogstirc  result,  tho  consciousness  that  he  has  gone  fair- 
ly to  tho  bottom  of  his  subject,  as  far  as  his  means  allowed 
— tli8  feeling  that  he  baa  not  shunned  labour,  though  that 
lalioiir  mny  have  resulted  in  laying  bare  the  nakedness  of 
hia  case — ^reacts  npon  his  own  mind,  and  gives  it  fimmeHs 
for  future  work. 

But  to  return ; — I  first  neglected  atmospheric  vapour 
find  earbonic  acid  altogether,  concluding,  as  others  did 
.ifterwards,  that  the  quantities  of  those  snbstnnces  being 
-o  small,  their  elToct  upon  radiant  heat  must  be  quite  in- 
.'ipprwiiahle ;  after  a  time,  however,  I  foiuid  this  asaump- 
licu  leading  mo  quite  astray.  I  first  used  chloride  of  cal- 
ciom  as  a  drying  agent,  but  had  to  abandon  it.  I  next  used 
pBinice  atone  moistened  \vith  sulphuric  acid,  and  had  to 
~  '  <t  also.    I  finally  resorted  to  pure  glass  broken  to 

I  fr^ment^!,  wetted  with  sulphurio  acid,  and  inserted 
It  of  a  funnel  into  a  U  tube.     I  Ibnnd  this  arrange- 

it  best,  but  even  here  the  greatest  care  wa?  needed.    It 
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was  neCGBsary  to  cover  each  column  witli  a  layer  of  i 
glasa  fragments,  for  I  founil  that  the  smallest  ]uirticlo  a 
dust  frum  tbo  cork,  or  a  quantity  of  aeoling  wax  uol  mta 
than  the  twentietb-part  of  a  pln'a  head  iu  size,  waa  quiH 
Buflicicnt,  Lf  it  rcacUod  the  acid,  to  vitiate  the  resulta. 
drying-tubee  moreover  had  to  bo  frequently  changed,  | 
the  orgauio  matter  of  tho  atmosphere,  infiuitCGinial  thoi; 
it  VS&,  Boon  introduced  disturbance. 

To  remove  the  carbonic  acid,  pore  Carrara  marblo  x 
broken  into  fragments,  wetted  with  cauBtio  potash,  and  i) 
troduced  into  a  U  tube.     Theee,  then,  arc  the  agenla  foq 
drying  tho  gaa  and  removing  the  carbonic  acid  which  a 
used  at  present ;  but  previous  to  their  final  adoption,  I « 
ployed,  to  dry  the  air,  the  arrangement  shown  in  TiaAe  I 
where  the  glasa  tubes  marked  y  y,  each  three  fcot  k)i)| 
were  filled  Av-ith  chloride  of  c^cium,  after  wluch  v^H 
placed  two  TJ  tubes  a  z,  filled  with  pumice  stone  and  b 
pharic  acid.    Hence,  the  tur,  in  tho  first  place,  bad  to  f 
over  18  feet  of  chloride  of  caltuum,  and  afterward«  tbrgof 
the  fiulphuric  acid  tubes,  before  it  entered  tho  expcrim 
tnbe  B  s'.     A  gas-holder,  q  q,  wati  employed  for  otli 
gases  than  atmospheric  aii-.    In  the  investigation  on  vlu 
I  am  at  present  engaged,  this  arrangement,  as  I  have  Bi 
is  abandoned,  a  simpler  one  being  found  more  effecttiaL 

My  assistant  has  now  exhausted  both  the  front  a 
F  and  the  experimental  tube  s  a'.  The  raya  are  [ 
from  the  source  o  throngh  the  front  chamber ;  i 
plate  of  rocksalt  at  s,  throngh  the  ciperimenlal  tnbe,  i 
the  plate  at  s',  afterwards  impinging  unon  the  anterior  ff 
ftco  of  tho  pile  p.  This  radiation  is  neutralised  by  ll 
from  the  compensating  cube  c'.  Tho  needle,  you  will  t 
serva,  is  at  hjto.  We  will  commence  our  experimenta  1) 
applying  this  powerful  test  to  dry  air.  It  is  u 
the  expcrimcutal  cylinder ;  but,  at  yoor  distance,  you  fl 
no  motion  of  the  needle,  and  thus  our  more  powerful  nux 
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of  uxporiment  fnils  to  dotcot  any  abfiorption  on  the  part  of 
ihc  air.  Us  atoms,  api>areiitly,  are  incompetent  to  shatter 
a  etu^Ie  caloritio  wave  ;  iiiaa  practical  vacuum  as  regards 
the  rays  of  /teal.  Were  yoa  quite  near,  however,  jou 
wotilil  see  a  dcfloclion  of  tlio  needle  amounting  to  about 
f^e  degree.  Oxygen,  hydrogen,  and  nitrogen,  when  oaro- 
I'llly  puriticd,  exhibit  the  action  of  atmos^iherio  air;  tkcy 
..L-  ahuoiit  neutral. 

Dut  (he  neutral  quality  of  atmospheric  mr  was  thought 
t»  extend  to  tran?j>arent  gases  generally.  Let  us  sec 
whether  this  is  correct.  I  have  here  a  gas-holder  of  olefiant 
gna, — common  coal  gas  would  also  answer  my  purpose,  I 
discliorge  a  little  of  tho  oleliant  ga.^  in  the  air,  but  you  seo 
nothing ;  the  gas  is  perfectly  tranBparent.  The  ex])cri- 
luentjil  tube  is  exhausted,  and  the  needle  points  to  zero ; 
and  iiDW  we  will  allow  the  oleliant  gas  to  enter.  Observe 
the  effect.  The  needle  moves  in  a  moment ;  the  transpar- 
ent gas  strikes  down  tho  rays  wholesale — the  Gnal  and  pcr- 
uuuuvit  deflection,  when  the  tube  is  full,  amounting  to  TO 
degrees. 

I  will  now  interpose  a  metal  screen  between  the  pile  p 
and  tho  end  s'  of  the  expeiimeutal  tube,  thus  entirely  cnt- 
iiig  off  Ihe  radiation  through  the  tube.  The  face  of  the 
[  ile  turned  towardu  the  metal  screen  wastes  its  heat  speed- 
ily by  radiation ;  it  is  now  at  the  temperature  of  thia 
room,  and  tho  radiation  from  tho  compensating  cube  alono 
acts  on  tho  pile,  producing  a  deflection  of  T5  degrees.  But 
at  ibo  comracncemont  oi'  the  esjierimont  the  radiations  from 
bolb  cnboB  were  equal,  hence  the  deflection  75"  coircHponds 
to  tho  lotiU  radiation  through  the  experimental  tube,  when 
tho  Utttor  is  cxliausted. 

Taking  ua  unit  tho  quantity  of  heat  neceasary  to  move 
the  needle  from  0"  to  l%the  number  of  units  expreascd  by 
,.  a  ilcHttCtiun  of  15"  ia 


The  number  of  units  expressed  by  a  dcfleclionof  ;0*j 
211. 

Out  of  a  total,  therefore,  of  276,  olcfiant  gas  has  str 
down  211;  that  is  about  eevea-nmtba  of  the  wbolo,  t 
about  80  per  cent. 

Does  it  not  seem  to  yon  as  if  an  opaque  byor  had  h 
euddcnly  prccijiitated  on  our  plates  of  nalt,  when  tho  j 
entered?    Tiio  substance,  however,  deposits  no  Buob  Inyl 
I  discbarge  a  current  of  the  dried  gas  against  a  polij 
plate  of  salt,  but  yoa  do  not  perceive  the  sligbtest  d 
The  rocksalt  plates,  moreover,  though  necessary  for  € 
measurements,  are  not  necessary  to  show  the  destr 
powers  of  tbia  gas.     Here  is  au  open  tin  cylinder  whidil 
interpose  between  the  pile  and  our  radiating  eooroe; 
force  olefiant  gas  gently  into  the  cylinder  from  tluB  g 
bolder  and  you  see  the  needle  fly  up  to  its  stops.    Obe 
the  smallness  of  the  quantity  of  gas  which  1  shall  nost  ii 
I  cleanse  the  open  tube  by  forcing  a  cnrrent  of  air  throng  I 
it ;  the  needle  is  now  at  zero ;  and  I  will  simply  turn  this 
cock  on  and  off,  as  speedily  aa  I  can.     A  mere  bubble  of 
the  gas  enters  the  tube  in  this  brief  interval ;  still  yon  seo 
that  its  presence  causes  the  needle  to  swing  to  70°.    I  next 
abolish  the  open  tube,  and  leave  nothing  but  the  free  air 
between  the  pilo  and  source ;  from  the  gasometer  I  dis- 
charge olefiant  gas  into  this  space.    Ton  see  nothing  in  iho 
idr,  but  the  swing  of  the  needle  through  an  arc  of  00'  Ae- 
clarcs  tlie  presence  of  this  iuvisiblo  barrier  to  the  calorific 
rays. 

Thus,  it  is  shown  that  the  ethereal  undnlatlona  whicli 
glide  among  the  atoms  of  oxygen,  nitrogen,  and  hydrogen, 
without  hindrance,  are  powerfully  absorbed  by  tJio  moli'- 
cnles  of  olefiant  gas.  We  shall  find  otlior  tr.iiiHparent  gase^ 
also  almost  immeasurably  superior  to  ^r.  We  can  limit  at 
pleasure  the  number  of  the  gaseous  atoms,  and  thus  Tary 
the  amount  of  destruction  of  tbo  ethereal  waves.    In  tlux 
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respect  gaseous  bodies  possess  a  great  advantage  over 
liquids  and  solids,  in  experiments  on  radiation.  Attached 
to  the  sdr-pmnp  is  a  barometric  tube,  by  means  of  which  I 
can  admit  measured  portions  of  the  gas.  The  experimen- 
tal cylinder  is  now  exhausted,  and  turmng  this  cock  slowly 
on,  and  observing  the  mercury  gauge,  I  allow  the  defiant 
gas  to  enter,  till  the  mercurial  column  has  been  depressed 
an  inch.  I  observe  the  galvanometer  and  read  the  deflec- 
tion. Determining  thus  the  absorption  produced  by  one 
inch,  another  inch  is  added,  and  the  absorption  effected  by 
two  inches  of  the  gas  is  determined.  Proceeding  thus  wo 
obtain  for  tensions  from  1  to  10  inches  the  following  ab- 
sorptions : — 


( 

Tensions 
in  inches 

1 

OUfian 

^t  Gas 

^ 

Absorption 
90 

2 

,     123 

8 

U2 

4 

m 

6 

168 

6 

.  m 

7 

.     182 

8 

.     186 

9 

.     190 

10 

,     193 

The  unit  hero  used  is  the  amount  of  heat  absorbed 
when  a  whole  atmosphere  of  dried  air  is  allowed  to  enter 
the  tube.  The  table,  for  example,  shows  that  one-thirtieth 
of  an  atmosphere  of  olefiant  gas  exercises  ninety  times  the 
absorption  of  a  whole  atmosphere  of  air. 

The  table  also  informs  us  that  each  additional  inch  of 
olefiant  gas  produces  less  destruction  than  the  preceding 
one.  A  single  inch,  at  the  commencement,  strikes  down 
90  rays,  but  a  second  inch  strikes  down  only  33,  while  the 
addition  of  an  inch,  when  nine  inches  are  already  in  the 
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tnbe,  eSeoto  the  destmction  of  only  3  T&ys.  This  i 
nuglit  reusonablj  be  expected.  The  number  of  mys  eaUt, 
ted  is  fiaitt!,  and  the  dLscfaargo  of  the  first  uich  of  otefia 
gas  amongst  them  boa  ho  tbianed  their  rauka  that  the  t: 
cutioQ  produced  bv  the  second  inch  is  naturally  less  thu 
that  of  the  tirst.  This  execution  must  dlmluiMb,  ae  thb 
unmber  of  rays  capable  of  being  destroyed  by  the  gas,  1», 
comes  less ;  until,  finally,  all  absorbable  rays  being  remov«J| 
the  residual  heat  would  pass  through  the  gas  uttiiupedeii* 

Bat  supposing  the  quantity  of  gas  first  introduced  to  b 
80  inconsiderable,  that  the  number  of  raj-s  cxtingiiished  h] 
it  is  a  vanishing  quantity,  compared  with  the  total  uomht 
capable  of  being  destroyed,  we  mighl  then  reasonably  ei 
peot  that,  for  some  time  at  least,  the  quantity  of  execulk 
done  would  be  proportional  to  the  quantity  of  gas  prcsen 
That  a  double  quantity  of  gas  would  produce  a  douU 
eficct,  a  treble  quantity  a  treble  effect ;  or,  in  j 
terms,  that  the  absorption  would,  for  a  time,  be  fotud  pr 
portional  to  the  density. 

To  test  this  idea  we  will  make  use  of  a  portion  of  t) 
apparatus  omitted  in  the  general  description,  o  o  (Plat 
I.)  is  a  graduated  glass  tube,  the  end  of  which  dips  into  tl 
basin  of  water  n.  The  tube  is  closed  above  by  mcaiu  oj 
the  stopcoL'k  r ;  d  dim  tube  cont^ning  fragments  of  chic 
ride  of  calcium.  The  tube  o  o  is  first  filled  with  water  ^ 
to  the  cock  r,  and  the  water  is  afterwards  carefully  i 
placed  by  olefiant  gas  admitted  in  bubbles  from  beloK 
The  gas  is  admitted  into  the  esperimental  cylinder  by  ti 
cook  r,  and  as  it  outers,  the  water  rises  in  o  o,  each  < 
whose  divisions  represents  a  volume  of  j'jth  of  a  cubic  iac 
Successive  measures  of  tliis  capacity  are  permitted  to  taU 
tlio  tube,  and  the  absorption  in  each  particular  case  is  d 
t*nniuod. 

In  the  following  table  the  first  column  contaitis  U 
quantity  of  gas  adnutted  into  the  tube ;  the  itwontl  Ml 
•  See  Note  (7)  ftl  the  (md  of  UOs  Lcctura 
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tains  the  corresponding  absorption ;  the  third  column  con- 
tains the  absorption,  calculated  on  the  supposition  that  it  is 
proportional  to  the  density. 

Ol^fiant  Gas. 


Unit  meflBuro  ^Ui  of  a  eabio  Inch. 

Absorption. 


, * 

Observed. 

Calcniatcd. 

2-2 

2-2 

4-6         . 

4-4 

6-6         . 

60 

8-8         . 

8-8 

110 

11-0 

12-0 

.       13-2 

14-8 

.       16.4 

.       16-8 

,       170 

.       19-8 

.       19-8 

220 

.       220 

240 

.       24-2 

26-4 

.       26-4 

.       29-0 

.       28-0 

.       30-2 

.       29-8 

.       83-6 

.       330 

McttiarosofGaiL 
1 
2 

8      . 

4 
5 
6 

8 

9 
10 
11 
12 
13 
14 
16 


This  table  proves  the  correctness  of  the  surmise,  that 
when  very  small  quantities  of  the  gas  are  employed,  the 
absorption  is  sensibly  proportional  to  the  density.  But 
consider  for  a  moment  the  tenuity  of  the  gas  with  which 
we  have  here  operated.  The  volume  of  our  experimental 
tube  is  220  cubic  inches ;  imagine  3^5 th  of  a  cubic  inch  of 
gas  difiused  in  this  space,  and  you  have  the  atmosphere 
through  which  the  calorific  rays  passed  in  our  first  experi- 
ment. This  atmosphere  possesses  a  tension  not  exceeding 
J  T  i  7  9th  of  that  of  ordinary  air.  It  would  depress  the  mer- 
coriai  column  connected  with  the  air-pump  not  more  than 
^lifih  of  an  English  inch.  Its  action,  however,  upon  the 
calorific  rays  is  perfectly  measurable. 

But  the  absorptive  energy  of  defiant  gas,  extraordinary 
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as  it  is  shown  to  be  by  the  foregoing  cxperimcnta,  ii 
ceeded  by  that  of  various  vapours,  the  action  of  which 
uill  now  endeavour  to  illustrate.    Here  is  a  glass  flAsk, 
(fig.  00),  proviiled  witli  a  brass  cap,  into  which  a  Btopooc 
fan  be  screwed  air-tight.     I  poor  a  small  qnanlity  of  Hi 
plioric  ether  into  the  flask,  and  completely  n 
move,  in  the  first  place,  the  air  which  lills  ti 
flask  above  the  liquid.    I  attach  the  flask  I 
the  cjiperimental  tube,  which  is  now  e 
cd — the  needle  pointing  to  icro^tuid  j 
the  vapour  from  the  flask  to  enter  the  ex] 
aicntal  lube.     The  mercury  of  the  ga 
sinks,  and  now  that  it  is  depressed  one  iodi 
will  stop  tho  further  supply  of  vapour, 
moment  the  vapour  entered,  Uie  needle  mo 
and  it  DOW  points  to  65°.     I  cm  odd  nnotbi 
inch,  and  again  determine  t!ie  absorptiuif 
third  inuh  and  do  the  same.    Tlie  absorptioi 
efifected  by  fonr  inches,  introduced  in  thia  way,  arc  given  J 
the  following  table.    For  the  sake  of  comparison  I  plu 
the  corresponding  absorptions  of  defiant  gas  in  the  t 
colimm. 

Sulphuric  Mltcr. 

In  InchiA  AteorpLlDD.  oTOkAiiotOi 


For  those  tensions  tho  absorption  of  radumt  heat  by  U 
vapour  of  sulphuric  ether  is  about  two  and  two-tliird  Um 
the  absorption  of  oleflant  gas.  There  is,  moreover,  no  pi 
portionality  between  the  quantity  of  vapour  and  the  t 
sorption. 

But  reflections  similar  to  those  which  we  have  alrcaj 
applied  to  olefiant  gas  are  also  applicable  to  the  etlia 
Supposing  we  make  our  unit  measure  small  ciiwugli. 
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number  of  rajs  first  destroyed  will  vanish  in  comparison 
urith  the  total  number,  and,  for  a  time,  the  fact  will  proba- 
bly manifest  itself,  that  the  absorption  is  directly  propor- 
tional to  the  density.  To  examine  whether  this  is  the  case, 
the  other  portion  of  the  apparatus,  omitted  in  the  general 
description,  was  made  use  of.  k  is  one  of  the  small  flasks 
already  described,  with  a  brass  cap,  which  is  closely 
screwed  on  to  the  stopcock  c'.  Between  the  cocks  d  and 
c,  which  latter  is  connected  with  the  experimental  tube,  is 
the  chamber  m,  the  capacity  of  which  was  accm^ately  deter- 
mined. The  flask  k  was  partially  filled  with  ether,  and  the 
air  aboYC  the  liquid  removed.  The  stopcock  d  being  shut 
ofiT  and  c  turned  on,  the  tube  s  s'  and  the  chamber  m  are 
exhausted.  The  cock  c  is  now  shut  ofi^,  and  d  being  turned 
on,  the  chamber  m  becomes  fiUed  with  pure  ether  vapour. 
By  turning  d  off  and  c  on,  this  quantity  of  vapour  is  allow- 
ed to  diffuse  itself  through  the  experimental  tube,  where 
its  absorption  is  determined ;  successive  measures  arc  thus 
sent  into  the  tube,  and  the  effect  produced  by  each  is  noted. 
In  the  following  table  the  unit  measure  made  use  of  had 
a  volume  of  ri  u^  ^^  ^  cubic  inch. 

Sulphuric  Ether. 


MRmti 

Absorption. 

ObecrTed. 

Calculated 

1 

50        ...         . 

4-6 

2 

, 

.       10-3 

9-2 

4 

19-2         .         .         .         . 

18-4 

6 

24-6 

230 

6 

29-6 

.       27-0 

7 

34-6        .         .        .         . 

.       32-2 

8 

880        .        .        .        . 

36-8 

9 

44-0        .        .       .         . 

41-4 

10 

46-2        .         .         .         . 

,       46-2 

11 
12 

.       60-0        .         .        .         . 
62-8        .        .        .        . 

600 
65-2 

18 

650        .        .        .        . 

69-8 

14 

67-2        .        .        .        . 

64-4 

16 

69-4        .        .        .        . 

690 

I 


We  hero  find  that  the  proportion  hetween  densiiy  t 
absorption  holds  sensibly  good  for  the  first  eleren  mensurtl 
after  which  the  deviation  from  proportionality  gradui" 
augments. 

No  doubt,  for  smaller  measures  than  Tljth  of  d  cua 
inch  the  above  law  liolds  still  more  rigidly  true ;  and  j 
a  suitable  locality  it  would  be  easy  to  det«rmine,  with  p 
foot  accuracy,  f'sth  of  the  absorption  produced  by  the  fi 
meaenro  ;  this  would  correspond  to  Tu'snth  of  "  cubio  ii 
of  vapour.  But,  before  entering  the  tube,  the  vapour  Ii 
only  the  tension  duo  to  the  temperature  of  tie  lalmrnta 
namely  12  inches.  This  would  require  to  be  multiplied  Ij 
2-5  to  bring  it  up  to  tb.at  of  the  atmosphere.  Hence  t" 
ynVsth  of  a  cubic  inch  would,  on  being  diffused  tbroi^ 
tube  possessing  a  capacity  of  220  cubic  inches,  have  a  t 
Bion  of  jjEXu'3XTAi=TirsVsst'»  ofa"  atmospherel 

These  experiments  with  ether  and  olefiant  gas  show  that 
not  only  do  gaseous  bodies,  at  the  ordinary  tension  of  the 
atmosphere,  offer  an  impediment  to  the  transmission  of  i» 
diant  heat ;  not  only  are  the  interstitial  spaces  of  such  gsa 
incompetent  to  allow  the  ethereal  undulations  free  paasfi 
but,  also,  that  their  density  may  be  reduced  vastly  bold 
that  which  corresponds  to  the  atmospheric  pressure,  s 
Btill  the  door  thus  opened  is  not  wide  enough  to  let  tho  ti 
dulationa  through.    There  is  something  in  the  constitutii 
of  the  individual  molecules,  thus  sparsely  scattered,  whi 
enables  them  to  destroy  the  calorific  waves.     The  destr 
tion,  however,  is  merely  one  of  form ;  there  is  no  ubeold 
loss.    Through  dry  lur  the  heat  rays  pass  without  set 
warming  it ;  through  olefiant  g.is  and  ether  vnpour  t 
cannot  pass  thus  freely ;  but  every  wave  withdrawn  f 
the  radiant  sheaf  produces  its  equivalent  motion  in  the  bai 
of  the  absorbing  gas,  and  raises  its  tompernture. 
case  of  transference,  not  of  annihilation.    I  might  extai 
the  experiments  to  all  available  volatile  liquids,  and  ■" 
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you  that  the  same  role  holds  good  for  the  vapours  of 
aU. 

Before  changing  the  source  of  heat  here  made  use  of,  I 
wish  to  direct  your  attention  for  a  moment  to  the  action 
of  a  few  of  the  permanent  gases  on  radiant  heat.  To 
measure  the  quantities  introduced  into  the  experimental 
tube,  the  mercury  gauge  of  the  air-pump  was  made  use  of. 
In  the  case  of  carbonic  oxide,  the  following  absorptions 
correspond  to  the  tensions  annexed  to  them,  the  action  of 
a  full  atmosphere  of  air,  which,  as  you  remember,  produces 
a  deflection  of  1^,  being  taken  as  unit : — 

Carbonic  Oxide. 

Ab9orx>tlon. 
Tension 
In  Inches 

0.6 

1-0 

1-6 

2-0 

2-5 

SO 

8-5 

As  in  former  cases,  the  third  column  is  calculated  on  the 
assumption  that  the  absorption  is  directly  proportional  to 
the  density  of  the  gas ;  and  we  see  that  for  seven  measures, 
or  up  to  a  tension  of  3-5  inches,  the  proportionality  holds 
strictly  good.  But  for  large  quantities  this  is  not  the  case ; 
when,  for  instance,  the  unit  measure  is  6  inches,  instead  of 
half-an-inch,  wo  obtain  tlie  following  results : 

AbsorpUon, 


Observed. 

Calculated. 

2-5 

2-5 

5-6 

50 

80 

7-5 

100 

.       100 

12-0 

.       12-5 

150 

.       150 

175 

.       17-5 

Tenifcm 
In  iucbei. 

6 

10 

15 


Observed. 
18     . 
82-5 
45     . 


Calculated. 
18 
86 
64 


The  case  of  carbonic  oxide  is  therefore  similar  to  that  of 
olefiant  gas.  Carbonic  acid,  sulj^ide  of  hydrogen,  nitrous 
oxide,  and  other  gases,  though  differing  in  the  energy  of 

IG 


I  forth  in  the  direction  of  the  ar- 
■ibe  consequent  deSeclion  of  tho 


agnifndc  of  the  rodia- 

wriments  arc  given  in  tlio  second 
iftaMp,  tLo  nitnibers  there  recorded 
'hich  the  needle  swung, 
S  fell  npon  the  pile : — 
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their  abBorption,  and  nil  of  th^m  exceeding  carbcmic  oxidflj 
exhibit,  when  email  and  large  quantities  are  nsed,  a  i " 
deportment  towards  radiant  heat. 

Tlius,  then,  in  tlie  case  of  eome  gases,  wo  find  an  almost 
absolute  incompetence  on  tlie  part  of  their  atoms  to  be 
Bhakea  by  the  ethereal  waves.  They  remain  practically  at 
rest  wlien  the  undulations  Kpced  amongst  them,  while  the 
atoms  of  other  gases,  struci;  by  tliese  same  undolatione,  ab- 
sorb their  motion,  and  become  themselves  centres  of  heat. 
We  have  now  to  esamine  what  gaseous  bodies  arc  compi 
tent  to  do  in  this  latter  capacity;  we  have  to  enquin 
whether  these  atoms  and  molecules,  which  can  accept  t 
tion  from  the  ether  in  such  very  different  degrees,  arc  n 
also  characterised  by  their  competency  to  impart  i 
to  the  ether  in  different  degrees ;  or,  to  use  tlw  commoi 
language,  having  learned  something  of  the  power  of  d  ~ 
ont  gases,  as  adsorbers  of  radiant  heat,  we  have  now  to  c 
quire  into  their  capacities  as  radiators. 

I  have  here  an  arrangement,  by  means  of  wMcIi  v 
put  the  necessary  questiou,  which  has  hilhorto  rei 
only  a  negative  reply,  r  (fig,  91)  is  the  tJienno-iiloctrio  p 
with  its  two  conical  rcBectors ;  b  is  a  double  scfeen  of  p 
ishcd  tin ;  a  is  an  argand  burner,  confiisting  of  two  conet 
trie  perforated  rings ;  c  is  a  copper  ball,  wliich,  daring  tl 
experiments,  is  heated  under  redness;  wliile  the  tube  tM 
leads  to  a  gas  holder.  When  the  hot  ball  c  is  placed  a 
the  burner  it  warms  the  air  in  contact  with  it  j 
ing  current  is  thus  established,  wliich,  to  some  extent,  a 
upon  the  pile.  To  ncutraliac  tins  action  a  large  ] 
cube,  1^  tilled  with  water,  a  few  degrees  above  the  air  i 
temperature,  ia  placed  before  the  opijosile  face  of  the  n 
The  needle  being  thus  brought  to  zero,  the  gas  is  fori 
_  by  a  gentle  water  pressure,  through  tho  orifices  of  t 
burner ;  it  inoels  the  ball  c,  glides  along  its  sur&OG,  a 
ascends,  in  a  warm  current,  in  front  of  the  pile.    Hie  I; 
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£rom  the  heated  gae  gush  forth  in  the  directioD  of  the  ar- 
rows against  the  pile,  and  the  consequent  deflection  of  the 
Tie.n. 


galvanometer  needle  indicates  tho  magnitudo  of  the  radia- 
tion. 

The  results  of  the  c.'q)eriments  are  given  in  the  second 
colomn  of  tho  following  table,  the  numbers  there  recorded 
marking  the  extreme  limit  to  which  the  nccdlo  swung, 
when  the  rays  from  tho  gas  fell  upon  the  pile : — 

KidliUloiL     .  Absorpllon. 

Air      ...  0  .  .      02 

Oxjgen            ,            .  0  .  .  .02 

Kitro^n          .            ,  0  .  ,  .      0-3 

nydrogea        .  0  .  .  .0-3 

Carbonic  oxido  13  .  .     180 

Oitbonio  acid .     '^      .  18  .  .  .     2B-0 

XitroDS  oxi<]c  .  29  .  .     440 

OleBantgaa    .           .  03  .  .    610 
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In  order  to  compare  the  radiation  with  the  absorption, 
I  have  placed  in  the  third  column  the  deflections  doe  to  the 
absorption  of  the  same  gases,  at  a  common  tension  of  5 
inches.  We  see  that  radiation  and  absorption  go  hand  in 
hand ;  that  the  molecule  which  shows  itself  competent  to 
intercept  a  calorific  flux,  shows  itself  competent,  in  a  pro- 
portionate degree,  to  generate  a  calorific  flux.  That,  in 
short,  a  capacity  to  accept  motion  from  the  ether,  and  to 
impart  motion  to  the  ether,  by  gaseous  bodies,  are  oorrehi- 
tivc  properties. 

And  here,  be  it  remarked,  we  are  relieved  from  all  con- 
siderations regarding  the  influence  df  cohesion,  on  the  re- 
sults. In  solids  and  liquids  the  particles  are  more  or  less 
in  thrall,  and  cannot  be  considered  as  individually  free. 

Fig.  92. 


The  diflcrcncc  in  point  of  radiative  and  absorptive  power, 
between  alum  and  rocksalt,  for  example,  might  be  fairly 
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regarded  as  due  to  their  character  as  aggregates,  held  to- 
gether by  crystallising  force.  But  the  difference  between 
olefiant  gas  and  atmospheric  air  cannot  be  explained  in  this 
way ;  it  is  a  difference  dependent  on  the  individual  mole- 
cules of  these  substances,  and  thus  our  experiments  with 
gases  and  vapours  probe  the  question  of  atomic  constitution 
to  a  depth,  quite  imattainable  with  solids  and  liquids. 

I  have  refrained  thus  far  from  giving  you  as  full  a 
tabular  statement  of  the  absorptive  powers  of  gases  and 
vapours  as  the  experiments  made  with  the  apparatus  al- 
ready described  would  enable  me  to  do,  knowing  that  I 
had  in  reserve  results,  obtained  with  another  apparatus, 
which  would  better  illustrate  the  subject.  This  second  ar- 
rangement is  the  same  in  principle  as  the  first ;  only  two 
changes  of  importance  have  been  made  in  it.  The  first  is, 
that  instead  of  making  a  cube  of  boiling  water  my  source 
of  heat,  I  employ  a  plate  of  copper,  against  which  a  thin 
steady  gas-flame  from  a  Bunsen's  burner  is  caused  to  play ; 
the  heated  plate  forms  the  back  of  my  new  front  chamber, 
which  latter  can  be  exhausted  independently,  as  before. 
This  portion  of  the  apparatus  is  sketched  in  fig.  02,  the 
chinmey  o  being  added.  The  second  alteration  is  the  sub- 
stitution of  a  tube  of  glass  of  the  same  diameter,  and  2 
feet  8  inches  long,  for  the  tube  of  brass  s  s',  Plate  L 
All  the  other  parts  of  the  apparatus  remain  as  before.  The 
gases  were  introduced  in  the  manner  already  described  into 
the  experimental  tube,  and  from  the  galvanometric  deflec- 
tion, consequent  on  the  entrance  of  each  gas,  its  absorption 
was  calculated. 

The  following  table  gives  the  relative  absorptions  of 
several  gases,  at  a  common  tension  of  one  atmosphere : — 

Abflorption  ftt 
Name.  80  inches  tcoBlon. 

Air        .  •  .  •  .1 

Oxygen  •  .  .  .         1 
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AlKUrpUan  ef 

Nima 

W  iiicbt.  uuiun 

NUrogPU 

I 

Hjilrogcu 

1 

Cliloritto        . 

sg 

Hjdrodiloric  acid      . 

03 

Carbouic  oxlilo 

yo 

Carbonic  acid 

BO 

NilroHB  oiidc 

SOS      1 

SulpliiJc  of  bjdrogcn 

S«0      ' 

Marsh  gM      . 

403 

:io 

Olefiimt  gas 

070 

U3S 

The  most  powerful  and  delicate  tests  ttiat  I  havo  l 
able  lo  apply  have  not  yet  enabled  mc  to  eatabliab  a  iliSea 
encc  between  oxygen,  nitrogeo,  hydrogen,  and  air, 
absorption  of  these  substances  is  exceedingly  small — ^jirob 
ably  even  emaller  than  I  have  made  it.  The  more  perfect 
ly  tho  above-named  gases  are  purified,  tbe  more  doec]; 
does  their  action  approach  to  that  of  a  vacanm.  And  wh 
can  say  tbat  tho  best  drying  apparatus  is  perfect?  I  CM 
not  even  say  that  sulphuric  acid,  however  pure,  may  bq 
yield  a  modicum  of  vapour  to  the  gases  passing  through  if 
and  thus  make  the  absorption  by  those  gases  appear  greaj 
er  than  it  ought.  Stopcocks  also  must  be  greased,  au 
hence  may  contribute  au  infinilcsimal  impurity  to  the  Hi 
passing  through  them.  But  however  this  may  lj«i,  it  ] 
ecrtain  that  if  any  further  advance  should  be  made  in  th 
purification  of  the  more  feebly  acting  gases,  it  Will  oaf 
serve  to  augment  the  enormous  dittcreucus  of  absorpttol 
exhibited  by  the  foregoing  table. 

Ammonia,  at  the  tension  of  an  atmosphere,  exerta  i 
absorption  at  least  1,195  times  that  of  the  iiir.  If  I  tn(c 
pose  this  metal  screen  between  tiie  pile  and  the  cxjierimes 
al  tube,  the  needle  will  move  a  little,  but  so  little  tliut  yo 
entirely  fail  to  see  it.     AVliut  does  Uiis  o.vperiinent  mean 
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Why,  that  this  ammonia  which,  within  our  glass  tube,  is 
as  transparent  to  light  as  the  air  we  breathe,  is  so  opaque 
to  the  heat  radiating  from  our  source,  that  the  addition  of 
a  plate  of  metal  hardly  augments  the  opacity.  I  have  rea- 
son to  believe  that  it  does  not  augment  it  at  all,  and  that 
this  light  transparent  gas  is  really  as  black,  at  the  present 
moment,  to  the  calorific  rays,  as  if  the  experimental  tube 
were  filled  with  ink,  pitch,  or  any  other  impervious  sub- 
stance. 

In  the  case  of  oxygen,  nitrogen,  hydrogen,  and  air,  the 
action  of  a  whole  atmosphere  is  so  small  that  it  would  be 
quite  useless  to  attempt  to  determine  the  action  of  a  frac- 
tional part  of  an  atmosphere.  Could  we,  however,  make 
such  a  determination,  the  difference  between  them  and  the 
other  gases  would  come  out  still  more  forcibly  than  in  the 
last  table.  In  the  case  of  the  energetic  gases,  we  know 
that  the  calorific  rays  are  most  copiously  absorbed  by  the 
portion  of  gas  which  first  enters  the  experimental  tube,  the 
quantities  which  enter  last  producing,  in  many  cases,  a 
merely  infinitesimal  effect.  If,  therefore,  instead  of  com- 
paring the  gases  at  a  common  tension  of  one  atmosphere, 
we  were  to  compare  them  at  a  common  tension  of  an  inch, 
wc  should  doubtless  find  the  difference  between  the  least 
absorbent  and  the  most  absorbent  gases  greatly  augment- 
ed. We  have  already  learned  that  for  small  quantities,  tlie 
heat  absorbed  is  proportional  to  the  amount  of  gas  present. 
Assuming  this  to  be  true  for  air  and  the  other  feeble  gases 
referred  to ;  taking,  that  is,  their  absorption  at  1  inch  of 
tension  to  be  Jgth  of  that  at  30  inches,  we  have  the  follow- 
ing comparative  effects.  It  will  be  understood  that  in  every 
case,  except  the  first  four,  the  absorption  of  1  inch  of  the 
gas  was  determined  by  direct  experiment. 

Absorption  at 
Nainc.  1  inch  tcn»ioii. 

Air  .  .1 

Oxygcu  ....         1 
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AbBfplhlll  nf 

Kitrogen 

I 

Hjdrogon 

I 

CUoiinc 

.       60 

Bromine 

.     IBO 

Cnrboaiu  oiiJe 

.     ^60 

Hjdrobiwnlc  odd 

.  1005 

Niltic  oiide      . 

.  I6B0      J 

Kitroiuoiido    . 

.  1360      1 

Eul[,liiJe  of  bjdrogen    . 

.  3100      1 

.1260     J 

OlvGont  gas 

.mo   1 

.  8S0O      I 

What  estraordinary  diHeronccs  in  the  constitaul 
character  of  the  ultimate  particles  of  various  gosea  c 
above  resnlta  reveal  I  For  every  tndividiia]  ray  i 
down  by  the  air,  oxygen,  hydrogen,  or  nitrogen — the  a 
monia  Btrikes  down  a  brigade  of  7,260  rays ;  the  olefli 
gas  a  brigade  of  7,850 ;  while  the  sulphurous  add  dostro 
8,800.  With  these  results  before  us,  we  can  hardly  fa 
attempting  to  visualise  the  atoms  themselves,  trying  to  d 
ccm,  with  the  eye  of  intellect,  the  actual  physical  qualidi 
on  which  these  vast  difibrenoes  depend.  These  atoms  a 
particles  of  matter,  plunged  in  an  clastic  medium,  accept 
its  motions  and  imparting  their  motions  to  it.  Is  the  ho| 
unwarranted,  that  we  may  be  able  finally  to  make  r 
heat  such  a  feeler  of  atomic  oonstitntion,  that  wo  shall  1 
able  to  infer  from  their  action  upon  it,  the  mechanism  d 
the  ultimate  particles  of  matter  themselves? 

Have  we  even  now  no  glimpse  of  the  atomic  qiialitii 
necessary  to  form  a  good  absorber  ?  You  remember  o 
experiments  with  gold,  alver,  and  copper;  you  recoUc 
liow  feebly  they  radiate  and  how  feebly  they  absorb, 
heated  them  by  boiling  water ;  that  is  to  say,  we  impartol 
by  the  contact  of  the  water,  motion  to  their  atoms ;  i 
this  motiou  wus  imparted  with  extreme  slowness  to  t 
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ether  in  which  those  atoms  swung.  That  their  particles 
glide  through  the  ether  with  scarcely  any  resistance  may 
also  be  inferred  from  the  length  of  time  which  they  require 
to  cool  in  vacuo.  But  we  have  seen  that  when  the  motion 
which  the  atoms  of  the  above  bodies  possess,  and  which 
they  are  incompetent  to  transfer  to  the  ether,  is  imparted, 
by  contact,  to  a  coat  of  varnish,  or  to  a  coat  of  chalk  or 
lampblack,  or  even  to  flannel  or  velvet,  these  bodies  soon 
waste  the  motion  on  the  ether.  The  same  we  found  true 
for  glass  and  earthenware. 

In  what  respect  do  those  good  radiators  difier  from  the 
metals  referred  to  ?  In  one  profound  particular — the  met- 
als are  dements;  the  others  are  compounds.  In  the  metals 
the  atoms  swung  singly ;  in  the  varnish,  velvet,  earthen- 
ware and  glass,  they  swung  in  groups.  And  now,  in  bodies 
as  diverse  from  the  metals  as  can  possibly  be  conceived,  we 
find  the  same  significant  fact  making  its  appearance.  Oxy- 
gen, hydrogen,  nitrogen,  and  dr,  are  elements,  or  mixtures 
of  elements,  and,  both  as  regards  radiation  and  absorption, 
their  feebleness  is  declared.  They  swing  in  the  ether  with 
scarcely  any  loss  of  moving  force.  They  bear  the  same 
relation  to  the  compound  gases  as  a  smooth  cylinder  turn- 
ing in  water  does  to  a  paddle-wheel.  They  create  a  small 
comparative  disturbance. 

We  may  push  these  considerations  still  further.  It  is 
impossible  not  to  be  struck  by  the  position  of  chlorine  and 
bromine  in  the  last  table.  Chlorine  is  an  extremely  dense 
and  coloured  gas ;  bromine  is  a  far  more  densely-coloured 
vapour ;  still  we  find  them,  as  regards  perviousncss  to  the 
heat  of  our  source,  standing  above  every  transparent  com- 
pound gas  in  the  table.  The  act  of  combination  with  hy- 
drogen produces,  in  the  case  of  each  of  these  substances,  a 
transparent  compound ;  but  the  chemical  act,  which  aug- 
ments the  transparency  to  light,  augments  the  opacity  to 
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heat ;  hydrochloric  acid  absorbs  more  than  chlorine ; 
hydrobroraic  acid  absorbs  more  Uiiui  bromine. 

Further,  I  hare  here  the  element  bromine  in  the  liqi 
condition ;  I  enclose  a  portion  of  it  in  this  glass  cell ; 
layer  is  of  a  thickness  sufficient  to  eitiuguish  utterly  tl 
flame  of  a  lamp  or  candlo.    Bnt  I  place  a  candle  i 
of  the  cell,  and  a  thermo-electric  pile  behind  it ;  the  pnand 
movement  of  the  needle  declares  the  passage  of  r 
heat  through  the  bromine.    This  consists  entirely  of  tl 
obscure  rays  of  the  candle,  for  the  hght,  as  1  have  staUn 
is  utterly  cut  off.    I  remove  tho  candle,  and  put  in  its  p 
our  copper  ball,  heated  not  quite  to  I'edncss.     The  n 
at  once  flies  to  its  stops,  showing  the  transpareDcy  of  tJ 
bromine  to  tlie  heat  emitted  by  tho  bait.    I  cannot  t 
iodine  in  a  solid  state,  but,  happily,  it  dissolrcs  in  bisolplud 
of  carbon.     I  have  here  the  densely  colonred  liquid  ii 
glass  cell.  I  throw  the  parallel  electno  beam  njion  the  i 
tliis  Golutiou  of  iodine  completely  cuts  the  light  off;  t 
if  I  brmg  my  pile  into  the  path  of  the  beam,  the  violet 
of  the  needle's  motion  shows  how  copious  is  the  tnmsn 
sion  of  tlio  obscure  rays.    It  is  impossible,  I  think,  to  cIoJ 
our  eyes  upon  this  convergent  evidence  tliat  tho  free  atfi 
swing  with  ease  in  the  ether,  while  when  grouped  lo  o 
lating  systems,  they  cause  its  waves  to  swell,  imparting  "fl 
it,  as  compound  molectUes,  an  amount  of  motion  n-hiclm 
quite  beyond  their  power  to  communicate,  as  l< 
remained  un combined. 

But  it  will  occur  to  you,  no  doubt,  that  latnjtU 
which  is  an  elementary  subatincc.  is  one  of  the  brat  ■ 
eorbers  and  radiators  in  natnre.  Let  nn  examine  thift  a 
stance  a  little :  ordinary  Lampblack  contains  many  impM 
ities ;  it  has  various  hydro-carbons  condensed  within  it,gl 
these  hydro-carbons  are  all  powerful  absorbers  and  i 
tors.  Lampblack,  therefore,  as  hitherto  applied,  can  hard 
be  considered  an  elcmciit  at  all.  I  Iiavo,  lioworer,  had  if 
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hydro-carbons  in  great  part  removed,  by  can*ying  through 
red  hot  lampblack  a  current  of  chlorine  gas ;  but  the  sub- 
stance has  continued  to  be  both  a  powerful  radktor  and  a 
powerful  absorber.  Well,  what  is  lampblack  ?  Chemists 
will  tell  you  that  it  is  an  allotropic  form  of  the  diamond : 
here,  in  fact,  is  a  diamond  reduced  to  charcoal  by  intense 
heat.  Now,  the  allotropic  condition  has  long  been  defined 
as  due  to  a  difference  in  the  arrangement  of  a  body's  parti- 
cles ;  hence,  it  is  conceivable  that  this  arrangement,  which 
causes  such  a  marked  physical  difference  between  lamj^black 
and  diamond,  may  consist  of  an  atomic  grouping,  whicli 
causes  the  body  to  act  on  radiant  heat  as  if  it  were  a  com- 
pound. I  say  such  an  arrangement  of  an  element,  tliongli 
exceptional,  is  quite  conceivable  ;  and  I  shall  show  you  this 
to  be  eminently  the  case  as  regards  an  allotropic  form  of 
our  highly  ineffectual  oxygen. 

But,  in  reality,  lampblack  is  not  so  impervious  as  you 
might  suppose  it  to  be.  Melloni  has  shown  it  to  be  trans- 
parent, in  an  unexpected  degree,  to  radiant  heat  emanating 
from  a  low  source,  and  I  have  prei)ared  an  experiment 
which  will  corroborate  his.  Here  is  a  plate  of  rock-salt, 
which,  by  holding  it  over  a  smoky  lamp,  has  been  so  thick- 
ly coated  with  soot  that  it  does  not  allow  a  trace  of  light 
from  the  most  brilliant  gas  jet  to  pass  through  it.  I  place 
the  plate  upon  its  stand,  and  between  it  and  this  vessel  of 
boiling  water,  which  is  to  serve  as  our  source  of  heat,  I 
place  a  screen.  Tlie  thermo-electric  pile  is  at  the  otlier  side 
of  the  smoked  plate.  The  needle  is  now  at  zero,  and  I 
withdraw  my  screen  ;  instantly  the  needle  moves,  and  its 
final  and  permanent  deflection  is  62°.  I  now  cleanse  the 
salt  perfectly,  and  determine  the  radiation  through  the  un- 
smoked  plate, — it  is  71°.  Now,  the  value  of  the  deflec- 
tion 62°,  expressed  with  reference  to  our  usual  unit,  is 
90,  and  the  vjilue  of  71"",  or  the  total  radiation,  is  about 
800.  Hence,  the  radiation  throucrh  the  soot  is  to  the  whole 
radiation  as 
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222:  85  —  100:88 
that  is  to  say,  38  per  cent,  of  the  incident  heat  has  hee 
tratiatnitted  by  the  layer  of  lampblack. 

Iodide  of  methyl  is  formed  by  the  union  of  the  el 
ment  iodine  with  the  radical  methyL  Exposure  to  lijrl 
nsuAlly  sets  a  portion  of  the  iodine  ft«e,  and  coloara  tt 
liquid  a  rich  brown.  In  a  series  of  experiments  on 
radiation  of  heat  through  liquids,  I  compared,  as  pcj 
thoir  powers  of  transmission,  .i  sti-ongly  coloured 
men  of  the  iodide  of  methyl,  witli  a  perfectly  transparcn 
one;  there  was  no  difference  botwecn  them.  The  lodiDC 
which  produced  so  marked  an  effect  on  liglit,  did  not  sen 
sibly  affect  radiant  heat.  Here  arc  the  numbers  whld 
express  the  jiortion  of  the  total  radiation  intcrccptwl  111 
the  transparent  and  coloured  liquids  respectively: — 

AbMTpllltll  fBtta 

Iodide  of  Dictli}'!  (traneparent)  .    SS-I 

"  "      (strongly  coloured  wilh  iodine)        .     Blt'B 

The  source  of  heat,  in  this  case,  was  a  spiral  of  platiDtm 
wire  raised  to  bright  redness  by  an  electric  current, 
looking  tlirough  the  coloured  liquid,  the  incandefiCei 
spiral  was  visible.    I  therefore  intentionally  deepened  tt 
colour  by  adding  iodine,  until  the  solution  was  of  m£ 
cient  opacity  to  cut  off  wholly  the  light  of  a  brilliiuit  j( 
of  gas,     The  transparency  of  the  liquid  to  the 
heat  was  not  sensibly  affected  hy  the  addition  of 
iodine.    The  luminous  heat  was,  of  course,  cut  off; 
tills,  as  compared  with  the  whole  radiation,  was  to  bi 
ox  to  be  inBensil)le  in  the  experiments. 

It  is  known  that  iodine  dissolves  freely  ii 
phidc  of  carbon,  the  colour  of  the  solution  in  thin  l&yei 
being  a  splendid  purple;  but  in  layers  of  moderate  tbicA 
nesa  it  may  he  rendered  perfectly  opaque  to  light,  I  dig 
solved  a  quantity  of  iodine  In  the  liquid,  sufficient,  W&Gl 
introduced  into  a  cell  0-0"  of  an  inch  wide,  to  cat  off  thi 
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light  of  the  most  brilliant  gas  flame.  Comparing  the 
opaqae  solution  with  the  transparent  bisulphide,  the  fol- 
lowing results  were  obtained : — 

Absorption. 

Bisulphide  of  carbon  ^opaque)    .  .  .12*6 

"  **      (transparent)         .  .12-5 

Here  the  presence  of  a  quantity  of  iodine,  perfectly  opaque 
to  a  brilliant  light,  was  without  measurable  effect  upon 
the  heat  emanating  from  our  platinum  spiral. 

The  same  liquid  was  placed  in  a  cell  0*27  of  an  inch  in 
width;  that  is  to  say,  a  solution  which  was  perfectly 
opaque  to  light,  at  a  thickness  of  0*07,  was  employed  in  a 
layer  of  nearly  four  times  this  thickness.  Here  are  the 
results : — 

Absorption. 
Bisulphide  of  carbon  (transparent)  .  .18*8 

**  "      (opaque)     .  .  .     19-0 

The  difference  between  both  measurements  lies  within  the 
limits  of  possible  error. 

I  have  already  had  occasion  to  decompose  in  your 
presence  the  light  of  the  electric  lamp,  and  to  project  the 
spectrum  of  the  light  upon  the  screen  behind  me.  For 
this  purpose,  I  employed  a  prism  of  transparent  bisulphide 
of  carbon.  The  liquid  is  contained  in  a  wedge-shaped 
fla^  with  plane  glass  sides;  it  draws  the  colours  very 
widely  apart,  and  produces  a  more  beautiful  effect  than 
could  bo  obtained  with  a  glass  prism.  My  object  is  now 
to  project  a  little  spectrum  on  this  small  screen.  Behind 
the  screen  I  have  placed  my  thermo-electric  pile,  which  is 
connected  with  the  large  galvanometer  in  front  of  the 
table.  The  spectrum,  as  you  observe,  is  about  1-J  inches 
wide  and  2  inches  long,  its  colours  being  rendered  very 
vivid  by  concentration.  If  I  removed  the  screen,  the  red 
and  extra-red  of  the  spectrum  would  fall  upon  the  pile 
behind,  and  doubtless  produce  a  thermo-electric  current. 
But  I  do  not  wish  any  of  the  light  to  fall  upon  the  instru- 
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mcnt ;  I  Avisli  to  show  you  that  wc  have  hero  a  spcctram 
wliich  you  cannot  see,  and  that  you  may  entirely  detach 
the  non-luminous  spectrum  from  the  luminous  one. 
Here,  then,  is  a  second  prism,  filled  with  the  bisulphide  of 
carbon,  in  wliich  iodine  has  been  dissolved.  I  remove  tlic 
transparent  prism,  and  put  the  opaque  one  exactly  in  its 
place.  The  s])ectnim  has  disappeared ;  tliere  is  no  longer 
a  trace  of  light  upon  the  screen ;  but  a  thermal  spectrum 
is  Ptill  tliere.  The  obscure  rays  of  the  electric  lamp  have 
traversed  the  oi)aque  liquid,  have  been  refracted  like  the 
luminous  ones,  and  are  now,  though  invisible,  impinging 
upon  the  screen  before  you.  I  prove  this,  by  removing 
the  scn»en  :  no  light  strikes  the  pile,  but  you  sec  that  the 
heat  falling  upon  it  is  conij)etent  to  dash  violently  aside 
tilt'  Jieedles  of  our  large  galvanometer. 

I  have  shown  you  the  action  of  gases  upon  radiant 
lu'ut,  with  our  ghir?s  experimental  tube  and  our  ncAV  source 
of  heat.  Let  me  now  refc*r  to  the  action  of  vapours,  as 
examined  with  the  same  apparatus.  Here  I  have  several 
glass  ilasks,  each  furnished  with  a  brass  cap,  to  which  a 
:-to])C()ck  can  be  screwed.  Into  each  I  pour  a  quantity  of 
a  volatile  rKpiid,  reserving  a  flask  ibr  each  liquid,  so  as  to 
render  admixture  of  the  vapours  iiiqiossible.  From  each 
llask  I  remove  the  air, — not  only  the  air  above  the  liquid, 
but  the  air  dissolved  in  it.  This  latter  bubbles  freely 
awav  when  the  ilask  is  exhausted :  I  now  attacli  mv  Hask 
to  the  exhausted  experimental  tube,  and  allow  the  vapour 
to  enter,  without  i)ennitting  any  ebullition  to  occur.  The 
moivury  column  of  the  pump  sinks,  and  when  the  re- 
qnind  d(.'i)ivssion  has  been  obtained,  I  cut  oil*  tlie  supply 
of  vapour.  In  this  way,  the  vapours  of  the  substances 
liirntioned  in  the  next  table  have  been  examined,  at  pres- 
suivs  of  0*1,  O*^,  and  1  incli,  rcspcitivi'ly. 
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Absorption  of  Yaponrs 

at  tho  pressures 

01         0-5         1-0 

Bisulphide  of  carbon     .            .            .16        41        62 

Iodide  of  methyl 

35       147       242 

Benzol  . 

60       182       207 

Chloroform 

85       182       230 

Methylic  alcohol 

.     109       890       590 

Amjlene 

182       535       822 

Sulphmric  ether 

800       710       870 

Alcohol 

.     325       622 

Formic  ether 

480       870     1075 

Acetic  ether 

690       960     1196 

Propionate  of  ethyl 

.     696       970 

Boracic  acid 

.     620 

These  numbers  refer  to  the  absorption  of  a  whole  at- 
mosphere of  dry  air  as  their  unit ;  that  is  to  say,  -^th  of 
an  inch  of  bisulphide  of  carbon  vapour  does  fifteen  times 
the  execution  of  30  inches  of  atmospheric  air ;  while  -^th 
of  an  inch  of  boracic  ether  vapour  does  620  times  tho 
execution  of  a  whole  atmosphere  of  atmospheric  air. 
Comparing  air  at  a  pressure  of  0*01  with  boracic  etlier  at 
the  same  pressure,  the  absorption  of  the  latter  is  probably 
180,000  times  that  of  the  former. 


NOTE. 

(7)  A  wave  of  ether  starting  from  a  radiant  point  in  all  directions,  in 
a  mufonn  me<lium,  constitutes  a  spherical  shell,  which  expands  with  tho 
Telocity  of  light  or  of  radiant  heat.  A  rat/  of  light,  or  a  rat/  of  heat,  is  a 
line  perpen«licular  to  the  wave,  an'J,  in  the  case  here  supposed,  the  rays 
would  be  tho  radii  of  the  spherical  shell.  The  word  *  ray,*  however,  is 
Uflcd  in  the  test,  to  avoid  circumlocution,  as  equivalent  to  the  term  unit 
of  heat.  Thus,  calling  the  amoimt  of  heat  intercepted  by  a  whole  atmos- 
phere of  air  1,  tlic  amount  intercepted  by  -j\,th  of  im  atmosphere  of  ole- 
fiant  gas  is  90. 
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I  QTVR  here  tbc  mctliod  of  calibratbg  the  galTBtiotiictff 
Mdloni  rccomincods,  as  leaving  notliitig  to  be  dcurcd 
{ncillt;,  promptDcss,  and  precision.    Ilia  own  sUteneut  of  tl 
mettiod,  translated    IVom    La   TLcniiocliroEC,    ]iugc    50,    U 
follows : — 

Two  email  vesaels,  v  v,  arc  half- 
flUcd  with  mercnrj',  and  connected, 
separately,  by  two  short  wires,  with 
the  extremities  a  a  of  the  galvano- 
meter. The  vessels  and  wires  thus 
disposed  make  no  change  in  the  ac- 
tion of  the  iustrumcnt;  the  thermo- 
electric current  being  freely  trans- 
mitted, as  before,  from  the  yUe  to 
the  galvftnometer.  But  if,  by 
wire  F,  a  communication 
be  eslablLihcd  Iwtwcen  the  two  vessels,  part  of  the  cnnentV 
pofls  through  this  wire  and  return  to  the  pile.  The  quontil;; 
electricity  circulating  in  the  galvonomctu  will  be  thus 
isbed  and  nilh  it  the  deflection  of  the  needle. 

Suppose,  then,  that  by  this  artifice  we  have  rodncod  the  g 
vanometric  deviation  to  its  fourth  or  firth  part ;  in  other  vror 
enppoaiiig  that  the  needle  being  at  10  or  13  degrees,  under  I 
action  of  a  constant  source  of  heat,  placed  at  a  fixed  distni 
from  the  pile,  that  it  descends  to  S  or  3  degrees  when  n  porti 
of  the  current  is  diverted  by  the  csternEd  wire :  I  say  tlurt 
cauung  the  source  to  act  from  various  distanoes  and  obsorvt 
fe  each  case  the  Mul  dcllcction,  nnil  the  rcdiiftd  iIcQeclion, ' 
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hare  all  the  data  necessary  to  determine  the  ratio  of  the  deflec- 
tions of  the  needle,  to  the  forces  which  produce  these  deflections. 

To  render  the  exposition  clearer,  and  to  furnish,  at  the  same 
time,  an  example  of  the  mode  of  operation,  I  will  take  the  num- 
bers relating  to  the  application  of  the  method  to  one  of  my 
thermo-moltipliers. 

The  external  circuit  being  interrupted,  and  the  source  of  heat 
being  sufliciently  distant  from  the  pile  to  giye  a  deflection  not 
exceeding  5  degrees  of  the  galyanometer,  let  the  wire  be  placed 
from  Y  to  Y ;  the  needle  falls  to  1°*6.  The  connection  between 
the  two  Ycssels  being  again  interrupted,  let  the  source  be  brought 
near  enough  to  obtain  succcssiYely  the  deflections : — 

6%  10%  15%  20%  26%  30%  85%  40%  45\ 

Interposing  after  each  the  same  wire  between  y  and  y  we  ob- 
tain the  following  numbers : — 

l'-5,  8%  4''-5,  6'-3,  8^-4,  ll*'^,  16°-8,  22°-4,  29'-7. 

Assuming  the  force  necessary  to  cause  the  needle  to  describe 
each  of  the  first  degrees  of  the  galYanometcr  to  be  equal  to  unity, 
we  haYe  the  number  5  as  the  expression  of  the  force  corresponding 
to  the  first  obserYation.  The  other  forces  are  easily  obtained  by 
the  proportions : — 

1-5:  5=a:  x=iBy  a=8-333  a* 

where  a  represents  the  deflection  when  the  exterior  circuit  is 
dosed.    We  thus  obtain 

6,  10,  16  2,  21,  28,  87-3. 

for  the  forces,  corresponding  to  the  deflections, 

6%  10%  15%  20%  25%  30^ 

In  this  instrument,  therefore,  the  forces  are  sensibly  propor- 
tional to  the  arcs,  up  to  nearly  15  degrees.  Beyond  this,  the  pro- 
portionality ceases,  and  the  diYcrgence  augments  as  the  arcs  in- 
crease in  size. 

The  forces  belonging  to  the  intermediate  degrees  are  obtained 
with  great  ease  either  by  calculation  or  by  graphical  construc- 
tion, which  latter  is  sufliciently  accurate  for  these  determinations. 

*  That  is  to  say,  one  reduced  current  is  to  tbo  total  current  to  wliich 
it  corresponds,  as  any  other  reduced  current  is  to  its  corresponding  total 
current. 
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By  these  means  we  find, 

Degrees    .  .     13%  U%  16%  16%  17%  18%  19%  20%  2l\ 

Forces       .  .  13, 141,  15*2,  16-8,  174,  18'6,  19-8,  21,  22*3. 

Differences  .  11,  11,  11,  11,  1.2,  1-2,  12,  1-3. 

Degrees    .  .  22%  23%  24%  25%  26%  27%  28%  29%  80'. 

Forces      .  .  23-6,  249,  26-4,  28,  29-7,  31*5,  33'4,  36-3,  37*3. 

Differences  .  1-4,  1*5,  16,  1-7,  1*8,  1*9,  2. 

In  tliis  table  we  do  not  take  into  account  any  of  the  degrees 
preceding  the  13th,  because  the  force  corresponding  to  each  of 
them  possesses  the  same  value  as  the  deflection. 

The  forces  corresponding  to  the  first  30  degrees  being  known, 
nothing  is  easier  than  to  determine  the  values  of  the  forces  corre- 
sponding to  85,  40,  45  degrees,  and  upwards. 

The  reduced  deflections  of  these  three  arcs  are, 

15^-3,  22^-4,  29^7. 
Let  us  consider  them  separately ;  commencing  with  the  first, 
111  the  first  place,  then,  15  degrees,  according  to  our  calculation, 
are  equal  to  15  2;  we  obtain  the  value  of  the  decimal  0*3  by  mul- 
tiplying this  fraction  by  the  difference  I'l  which  exists  between 
the  15th  an  1 16th  degrees ;  for  we  have  evidently  the  proportion 

l:ll=0-3:x=0  3. 

The  value  of  the  reduced  deflection  corresponding  to  the  35th 
de^rrce  will  not,  therefore,  be  15''-3,  but  15^-2  +  0°-3=15^-5.  By 
similar  considerations  we  find  23°-5  +  0°-6=34''-l,  mstead  of 
22''-4,  and  36°-7  instead  of  29''-7  for  the  reduced  deflections  of  40 
and  45  deuces. 

It  now  only  remains  to  calculate  the  forces  belonging  to  these 
tlirve  deflections,  15"-5,  24 '•!,  and  36^-7,  by  means  of  the  expres- 
sion 3*333  a ;  this  gives  us, 

the  forces,  51-7,  80-3,  122-8. 
for  the  degrees,  35,  40,  45. 

Comparing  these  numbers  with  those  of  the  preceding  table, 
we  see  that  the  sensitiveness  of  our  galvanometer  diminishes  con- 
Biderubly  when  we  use  deflections  greater  than  30  degrees. 


LECTURE   XI. 

[AprU  3,  1862.] 

ACTIOS  OP  ODOROUS  SmSTANCES  UPON  RADIANT  HEAT — ACTION  OP  OZOKE 
UPON  RADIANT  HEAT — DETERMINATION  OP  TUE  RADIATION  AND  AB80RP- 
TIOX  OP  GASES  AND  TAPOURS  WITHOUT  ANT  SOURCE  OP  UEAT  EXTERNAL 
TO  THE  GASEOUS  BODY — DTNAMIC  RADIATION  AND  ADSORPTION — RADIA- 
TION TIIROUGH  THE  EARTD'S  ATMOSPHERE — INFLUENCE  OP  THE  AQUEOUS 
TAFOUR  OP  THE  ATMOSPHERE  ON  RADIANT  HEAT— CONNECTION  OP  THE 
RADIANT  AND  ABSORBENT  POWER  OP  AQUEOUS  VAPOUR  WITH  METEORO- 
LOGICAL PHENOMENA. 


APPENDIX:   FURTHER  DETAILS  OP  THE   ACTION  OP  HUMID  AIR. 

SCElfTS  and  effluvia  generally  have  long  occupied  llio 
attention  of  observant  men,  and  they  have  formed  fa- 
voorito  illustrations  of  the  '  divisibility  of  matter.'  No 
chemist  ever  weighed  the  perfume  of  a  rose ;  but  in  ra- 
diant heat  wo  have  a  test  more  refined  than  the  chemist's 
balance.  The  results  brought  before  you  in  our  last  lecture 
would  enable  you  to  hear  me  n^ithout  surprise,  were  I  to 
assert  that  the  quantity  of  volatile  matter  removed  from  a 
hartshorn  bottle  by  any  person  in  this  room,  by  a  single  act 
of  inhalation,  would  exercise  a  more  potent  action  on  ra- 
diant heat,  than  the  whole  body  of  oxygen  and  nitrogen 
which  the  room  contains.  Let  us  apply  this  test  to  other 
odours,  and  see  whether  they  also,  notAvithstanding  their 
almost  infinite  attenuation,  do  not  exercise  a  measurable  in- 
fluence on  radiant  heat. 

I  will  operate  in  this  simple  Avay :  here  is  a  number  of 
small  and  equal  squares  of  bibulous  jjaper,  which  I  roll  up 
thus,  to  form  little  cylinders,  each  about  two  inches  in 
length.     I  moisten  the  paper  cylinder  by  dipping  one  end 
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of  it  into  an  aromatic  oil ;  the  oil  creeps  by  capillary  attrac- 
tion through  the  paper,  and  the  whole  of  the  cylinder  is 
now  moist.  I  introduce  the  rolled  paper  thus  into  a  glass 
tube  of  such  a  diameter  that  the  cylinder  fills  it  witliout 
being  squeezed,  and  between  my  drying  apparatus  and  the 
experimental  cylinder  I  place  the  tube  containing  the 
scented  paper.  The  experimental  cylinder  is  now  exhaust- 
ed, and  the  needle  at  zero ;  turning  this  cock  on,  I  allow 
dry  air  to  pass  gently  through  the  folds  of  the  saturated 
paper.  Here  the  air  takes  up  the  perfume  of  the  aromatic 
oil,  and  carries  it  into  the  experimental  tube.  The  absorp- 
tion of  an  atmosphere  of  dry  air  we  know  to  be  unity ;  it 
produces  a  deflection  of  one  degree ;  hence,  any  additional 
absorption  which  these  experiments  reveal,  must  be  duo  to 
the  scent  wliich  accompanies  the  air. 

Tlie  following  tabic  will  give  a  condensed  view  of  the 
absorption  of  the  substances  mentioned  in  it ;  air  at  the 
tension  of  one  atmosphere  being  regarded  as  unity : — 


Perfumes. 

Namo  of  Perftiino 
Pachouli 
Sandal  Wood 
Geranium 
Oil  of  Cloves 
Otto  of  Koses 
Bergamot 
Neroli 
Lavender 
Lemon 
Portugal 
Thyme 
Rosemary 
Oil  of  Laurel  . 
Camomile  Flowers 
Cassia    . 
Spikenard 
Aniseed 


Absorption 

80 

82 

33 

33-5 

86*6 

44 

47 

60 

05 

67 

68 

74 

80 

87 
109 
866 
872 
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The  number  of  atoms  of  air  here  in  the  tabe  must  be 
regarded  as  almost  infinite  in  comparifion  with  those  of  the 
odours  ;  Btill  iho  latter,  thinly  scattered  as  they  are,  do,  in 
the  caso  of  pachouli,  30  times  the  eiecation  of  the  air  ;  otto 
of  roaos  does  upwards  of  36  times  the  execution  of  the 
air ;  thyme,  J4  times ;  spikenard,  355  times ;  and  anisci^d 
372  times  the  cxecntion  of  the  air.  It  wonld  be  idle  to 
^pecnlate  on  the  quantities  of  matter  implicated  in  these 
results.  Probably  they  would  Lave  to  be  multiplied  by 
millions  to  bring  them  up  to  the  tension  of  ordinary  air. 
Tlaa,— 

The  Bwpct  Houth 

Tbat  brcatbca  upon  a  liuik  of  TioleU, 

SKuIiBg  and  giring  odour , 

owes  its  sweetneaa  to  an  agent,  which,  though  almost  infi- 
nitely nttenanted,  may  be  more  potent,  as  an  intercepter  of 
terrestrial  radiation,  ihaa  the  entire  atmosphere  from 
*  bank  '  to  sky. 

lu  addition  to  these  experiments  on  the  essential  oil'', 
others  were  made  on  aromatic  herbs.  A  number  of  such 
were  obtained  from  Covent  Garden  Market ;  they  were 
dry,  in  the  conmion  acceptation  of  the  term ;  that  is  to 
Bay,  ihoy  were  not  green,  but  withereid.  Still  I  fear  the 
results  obtained  with  them  cannot  be  regarded  as  pure,  on 
;«rotmt  of  the  probable  admixture  of  aqueous  vapour.  The 
:r  iimatic  parts  of  the  plants  were  stuffed  into  a  glaes  tube 
i'^ditccn  inches  long  and  a  quarter  of  an  inch  in  diameter. 
'  'lovious  to  connectuag  them  witli  llie  experimental  tube, 
;  hty  were  attached  to  a  second  air-pump,  and  dry  wr  was 
irricd  over  them  for  some  minutes.  They  were  then  con- 
I  i  itcd  with  the  experimental  cylinder,  and  treated  as  the 
'  '.ntial  oila;  the  only  difference  being  that  a  length  of 
ii.diloeu  lucIiOH,  instead  of  two,  was  occupied  by  the  herbs. 
^^  Thyme,  thus  ex.imined,  gave  an  action  thirtFjl] 
^Bi  of  the  ur  which  passed  over  it. 
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Peppermint  exercised  thirty-four  times  lh«  Action  of  tlio 
Spcannint  exercised  thirty-eight  times  the  action  of  tlic 
Lavender  exercised  thirty-two  times  the  action  of  tbe 
Wormwood  exercised  forty-one  times  the  action  of  the 
Cinnamon  exercised  fifty-ihrcQ  times  tbe  action  of  tlir 


As  ahready  hinted,  I  fear  that  theao  results  may  l" 
complicated  with  the  action  of  aqueous  vapour :  its  quan- 
tity, however,  must  have  been  infinitesimal, 

There  is  another  Biibstanco  of  great  interest  to  tin' 
chemJat,  but  iho  atl^ahle  quaulities  of  which  are  eo  mi- 
nut*  as  almost  to  elude  mcasurcnienti  to  which  we  niay  ap 
ply  tbe  test  of  radiant  heat.  I  mean  that  exiraordinarr 
Bubstance,  ozone.  Tliis  body  is  known  to  bo  liberated  :it 
the  oxygen  electrodp,  when  water  is  dccomjioBed  hy  an 
electric  current.  To  investigate  its  action  I  had  constmct- 
cd  three  different  decomposing  cells.  In  the  liret,  which  1 
shall  call  No.  I,  the  platinum  plates  used  as  electrodes  b.i<l 
about  four  square  mches  of  surface ;  the  plates  of  tbe  k.i 
ond  (No.  2)  had  two  square  inches  of  surface ;  while  tin. 
plates  of  the  third  (No.  3)  had  only  one  square  inch  of  bui- 
faee,  each. 

My  reason  for  using  electrodes  of  different  sizes  wpo 
this : — On  lirHt  applying  radiant  heat  to  the  exnniiuation  m' 
ozoue,  I  constructed  a  decomposing  cell,  in  uliicb,  to  lii- 
miuish  the  resistance  of  the  current,  very  large  plalimiTu 
plates  were  used.  The  oxygen  thus  obtained,  and  ivliii'i 
ought  to  have  embraced  tbe  ozone,  showed  scarcely  anyoi' 
the  reactions  of  this  substance.  It  hardly  discolouri-il 
iodide  of  potassium,  and  was  almost  without  aclion  on  im 

,t  heat.    A  second  dccomjKisiQg  apparatus,  with  sm.il)i  j 
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plates,  was  tried,  and  hero  I  found  both  the  action  on  iodide 
of  potassium,  and  on  radiant  heat,  very  decided.  Being 
unable  to  refer  these  differences  to  any  other  cause  than  the 
different  magnitudes  of  the  plates,  I  formally  attacked  the 
subject  by  operating  with  the  three  cells  above  described. 
CaUing  the  action  of  the  main  body  of  the  electrolytic  oxy- 
gen unity ;  that  of  the  ozone  which  accommpanied  it,  in 
the  respective  cases,  is  given  in  the  following  table : — 

Number  of  CoU  Absorption. 

No.  1 20 

No.  2 84 

No.  3 47 

Thus  the  modicum  of  ozone  which  accompanied  the 
oxygen,  and  in  comparison  to  which  it  is  a  vanishing  quan- 
tity, exerted,  in  the  case  of  the  first  pair  of  plates,  an  action 
twenty  times  that  of  the  oxygen  itself,  wliilc  with  the  third 
pair  of  plates  the  ozone  was  forty-seven  times  more  ener- 
getic than  the  oxygen.  The  influence  of  the  size  of  the 
plates,  or,  in  other  words,  of  the  density  of  the  current 
where  it  enters  the  liquid,  on  the  production  of  the  ozone, 
is  rendered  strikingly  manifest  by  tlicse  experiments. 

I  then  cut  away  portions  of  the  plates  of  cell  No.  2,  so 
as  to  make  them  smaller  than  those  of  No.  3.  The  reduc- 
tion of  the  plates  was  accompanied  by  an  augmentation  of 
the  action  upon  radiant  heat ;  the  absorption  rose  at  once 
from  34  to 

65. 

The  reduced  plates  of  No.  2  here  transcend  those  of 
No.  3,  which,  in  the  first  experiments,  gave  the  largest 
action. 

The  plates  of  No.  3  were  next  reduced,  so  as  tt)  make 
them  smallest  of  all.  Tlie  ozone  now  generated  by  No.  3, 
effected  an  absorption  of 

85. 
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Thus  we  Eoe  that  tbi?  action  upon  radiant  hent  adrs 
as  the  size  of  the  electrodes  is  dlminisheiS. 

Heat  is  knon-n  to  be  very  destrnclive  of  o;Koni\  s 
HUBpecting  the  developement  of  heat  at  the  small  eleotroc 
of  the  cell  last  made  use  of,  I  surrounded  the  cell  i 
mixtoTQ  of  pounded  ice  and  salt.    Kept  thus  cool,  the  a 
sorption  of  thQ  ozone  generated  rose  to 
130. 

These  esperiments  on  the  action  of  ozoae  npon  r 
heat  were  made,  before  I  was  acqnaintod  with  the  i 
searches  of  MM,  De  la  Rive,  Soret,  and  Sleidinger,  on  tf 
Eubstance.  Tiiore  ia  a  perfect  corresj)ontlcnco  in  onr  1 
Eiilts,  though  there  is  uo  resemblance  between  our  n 
of  experiment.  Such  a  correspondence  is  calculated  | 
augment  our  confideuce  in  radiant  heat,  as  an  inveBtigaf 
of  molecular  condition.* 

■  II.  Mcidlng^cr  commcncca  his  paper  b^Bboningllic  abBenccof  l| 
ment  betiTceu  tlieory  atid  experiment  in  the  decomposition  of  wat 
diUfcrence  sliowing  itself  verj  decidedly  in  ft  doflcipncy  of  oijpen  td 
euntttt  mu  lironif.     On  bea^g  liis  electrolyte,  ho  found  tluit  tl 
fcrence  dimppearad,  Iho  proper  quantity  of  oiygen  being  Uicn  li 
Dt'  iLt  oDcc  sarmiscd  thit  the  defect  of  Diygcn  might  be  due  to  tba  Gl 
lion  of  ozone ;  but  Low  did  the  substance  act  to  produci 
llieoiygcn?    If  the  defect  were  duo  to  Ibe  great  density  of  tlie  o: 
destruction  of  this  suhetance,  by  heat,  would  restore  llie  oiygen  to  lla  d 
volume.     Strong  heating,  hoffeTcr,  which  destroyed  the  omne,  pi 
no  allemtion  of  volume,  hence  M.  Meidiuger  concluded  that  tiM  (4 
whidi  he  obaerved  wos  not  due  to  the  ozone  nhich  remiuneU  mixed  i 
the  oxygen  itself.    He  finally  concluiled,  nnd  juKliBed  his  concluaiMLfl 
eatiafaclory  eiperimenla,  that  the  loss  of  oiygea  was  due  to  Uie  Ton 
in  the  water,  ofpcroiideorhydrogenby  llie  ozone ;  the  oiygea  bcJngfl 
withdrawn  from  the  tube  to  which  it  belonged.     lie  also,  as  U.  Dc  la  B 
had  previously  done,  experimented  with  electrodes  of  different  riaei,  ■ 
found  the  Iocs  of  oiygcn  much  more  coDsiderablu  when  a  arnaU  i 
was  usci)  than  with  a  large  one ;  whence  he  inferred  that  the  fom 
ozone  vas  facilitated  by  angme/ifing  the  Jenillg  of  tht  rurrent  at  A 
KhcTc  rlcctivJe  arid  clcctml^U  meet.    The  suue  coucliuion  is  deildci 
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I '  The  qnoolities  of  oajne  wilh  which  the  foregoing  ox- 

"merits  were  made,  moBt  be  perfectly  unmeasiirablu  by 

'ifiExmry  ineane.    Still  its  action  npon  mdiant  heat  U  ea 

cDL-rgelic,  ON  to  place  it  beeide  olefiaot  gas,  or  boracic  etbor, 

OS  an  absorbent — bulk  for  bulk  it  might  transcend  eilher. 

>r(i  dei/tetttary  gas  that  I  have  Gxamined  bcliaves  at  all  like 

inc.     In  its  swing  through  the  ether  it  mnst  powerfully 

1 -turb  the  medium.    If  it  lie  oxygen,  it  must,  I  think,  be 

\.vgen  atoms  packed  into  groups.     I  sought  to  decide  the 

[iiestioo  whetlier  it  is  oxygen,  or  a  compound  of  hydrogen, 

1  the  following  way.     Heat  destroys  ozone.     If  it  were 

xygen  only,  heat  would  convert  it  into  the  common  gas; 

.  t'  it  were  the  hydrogen  compound,  which  some  chemists 

insider  it  to  be,  heat  would  convert  it  into  oxygen,  (iliis 

;<icouft  vai)our.     Tlie  gaa  alone,  admitted  into  ray  tube, 

I  mid  give  the  neutral  action  of  oxygen,  but  the  gas,  plus 

.  nv  aqneous  vapour,  I  hoped  might  give  a  sensibly  gi-eatcr 

i-iion.      The  dried   electrolytic  gaa  was  caused  to  pass 

liirangh  a  glass  tube  heated  to  redness,  and  thence  direct 

into  the  experimental  tube.     It  was  nest,  after  heating, 

made  to  pass  through  a  drying  tube  into  tlie  cxperimculjil 

:  ibe.    Hilherto  I  liave  not  been  able  to  establish,  with  cer- 

liuty,  a  difference  between  the  dried  and  nndried  gas.    If, 

I  a-rcfore,  tlie  act  of  heating  developo  aqueous  vapour,  the 

■iierimental  means  wliich  I  have  employed  have  not  yet 

:<abled  nie  to  detect  it    For  the  present,  therefore,  I  hold 


itir^  abovi-  txliGriinciiU  on  nuliuit  licat.  Ko  tiro  tbinf^  could  lie  nior^  di- 
*(!r«s  than  iLe  two  moelps  of  prwpcdinj;.  M.  Mcidlngtr  eoiiglit  for  llio 
Diygcn  wtilch  hnd  •llaniitvatrd,  nnil  founil  it  In  lUc  liquid ;  I  einniincd  tlio 
■iiTKm  ai'tu^titf  lilicrutcd,  and  fnund  iLat  tlic  oMinc  miinil  with  it  •<■£• 
I'.'Titi  ID  riuantilf  u  tba  cli'ctrodc-j  diminish  in  sixe.  It  may  b«  xldt-il  Itial 
I  :i'-T  Uie  pcruMil  of  M.  Mclding:oi''s  pnpcf  I  luve  repented  li'y  cipcrimunu 
111  mj  own  deRoniposltlnn  cells,  and  found  llinc  llitwo  vrliicb  gnrH  nii>  itie 
I'llwt  nli*on)tion,  hIm)  bbo<vt;it  tbc  grcaU'St  dcGciciiF!'  in  tlic  udoudc  of 
■■.n-tm  lilici-utpJ. 

n 
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the  belief,  that  ozono  ia  produced  by  tho  packing  of  ihe 
atoms  of  elementary  oxygen  into  oscillating  gronpa ;  ami 
that  heating  dissolves  the  bond  of  union,  and  allows  the 
atoms  to  awing  singly,  thna  disqualifying  them  for  nthcr 
intercepting  or  generating  the  motion,  which,  ai  syslcinK 
they  are  competent  to  intercept  and  general*. 

I  have  now  to  direct  yonr  attention  to  a  scries  of  ft 
which  earpriaed  and  perplexed  mc  when  I  first  obser 
them.  While  experimenting  last  November  (1801),  on  ■ 
occasion  I  permitted  a  quantity  of  alcohol  vnponr,  enffid 
to  depress  the  mercnry  gauge  0-5  of  an  inch,  to  enter 
experimental  tube ;  it  produced  a  dodection  of  78' 
the  needlo  pointed  to  this  high  figure,  and  previously 
pumping  out  the  vaponr,  I  allowed  dry  air  to  stream  ii 
tlie  tube,  and  happened,  as  it  entered,  to  keep  my  eye  up 
the  galvanometer. 

The  needle,  to  my  astonishment,  sank  epoedQy  to  tm 
and  went  to  25"  on  the  opposite  side.  Tlio  entry  of  t 
ulmost  neutral  air,  not  only  nentraliscd  iho  absorption  p 
vionaly  observed,  but  loft  a  considerable  balance  in  favo 
of  the  face  of  the  pile  turned  towards  the  source.  A  rq 
tition  of  the  experiment  brought  the  needle  down  from  7 
to  zero,  and  sent  it  to  38"  on  the  opposite  side.  In  It 
manner,  a  very  small  quantity  of  the  vapour  of  sulphro 
ether  produced  a  deflection  of  30° ;  on  allowing  dry  tur 
fill  the  tube,  the  needle  doscendod  speedily  to  zero,  a 
swung  to  60°  at  the  opposite  side. 

My  first  thought,  on  obserrmg  these  extraori 
ofiect^,  was,  that  the  vapours  had  deposited  themncltw 
opaqne  films  on  the  plates  of  rock-aalt,  and  that  (he  3ry  1 
on  entering  had  cleared  these  films  away,  and  allowed  tl 
heat  from  the  source  free  transmission. 

But  a  moment's  reflection  dissipated  tlii«  suppotti^il 
The  clearing  away  of  such  a  film  coidd,  at  boat,  but  rtttn 
the  state  of  things  existing  prior  to  llio  en  I  rail  DC  uf  ll 


dthamio  radiation. 

tH^MUr.  Tt  might  bo  coDcetTcd  to  bring  tbe  needle  again  to 

0°,  bat  it  conld  not  possibly  produce  the  negative  defloo- 

Nevertheless,  I  dismounted  the  tube,  and  subjected 

Kplatcs  of  salt  to  a  searchbg  examination.    Ko  euch  de- 

1  B8  that  above  sarmtsed  -wan  observed.    Tbe  ealt  rc- 

1  perfectly  transparent  while  in  contact  with  the 

How,  then,  are  tbe  cffecls  to  bo  acconnted  for  ? 

■Wfl  have  already  made  onr^elvcs  aeqaaint«d  with  the 

1  effects  produced  when  air  is  permitted  to  stream 

vacuum   (pago  44).     We  know  that  tbe  air  is 

med  by  ita  colhsion  against  the  sides  of  the  receiver. 

I  it  bo  the  heat  thus  generated,  imparted  by  the  air  to 

Ibo  alcohol  and  ether  vapoiu-e,  and  radiated  by  them  against 
the  pile,  that  was  more  than  sullicient  to  make  amends  for 
Uie  absorption?  The  es-jxrimefHUTn  enicte  at  once  sug- 
I  itself  hero.  If  the  effocla  observed  bo  dne  to  the 
iDg  of  the  air  on  entering  the  partial  vacuum  in  which 
1  diffused,  we  ought  to  obtain  the  same 
1  Bourccs  of  heat  made  use  of  hitherto  are 
rely  abolished.  We  are  thus  led  to  the  consideration  of 
I  and  at  first  sight  utterly  paradoxlc'd  problem — 
',  to  determine  the  radiation  and  absorption  of  a  gas 
roup  leilhout  any  source  of  heat  external  fo  tite  gaaemts 
twf/. 

b  us,  then,  erect  our  apparatus,  and  omit  our  two 

s  of  heat.  Hero  is  our  glass  tnbo,  stopped  at  one  end 

'  ate  of  gla£8,  for  wo  do  not  now  need  the  passage  of 

t  through  tliis  end ;  and  at  the  other  end  by  a  plate 

Mck-dalt.    In  front  of  the  salt  is  placed  tbe  pile,  con- 

I  with  its  galvanometer.    Thongh  there  is  now  no 

il  source  of  heal  acting  upon  the  pile,  you  see  the  nec- 

B  not  come  quite  to  zero  ;  indeed,  tbe  walls  of  this 

,  oud  the  people  who  sit  before  mo,  are  eo  many 

a  of  heat,  to  neutralise  which,  and  thus  to  bring  tbe 

ratcly  to  Kcro,  I  must  slightly  warm  the  defect- 


3  fiioe  of  the  pUe.  This  is  done  wilLont  any  diffionltj'  hj 
a  cnbc  of  lukewarm  water,  placed  at  k  ilistancc ;  tbc  needle 
a  now  at  zero. 

Tlie  experimenuil  tnlie  being  exbanstcd,  I  allow  air  to 
enter,  tiU  the  lube  ia  filled ;  the  konwntal  column  of  nlr  at 
present  in  the  tube  is  warmed ;  every  atom  of  llio  air  ts  <» 
cillating ;  and  if  the  atoms  possessed  any  sensible  power  of 
communicating  their  motion  to  the  Itumnjferoiis  cUigt,  we 
Bhould  hare  from  each  atom  a  train  of  waves  im[iinging  on 
the  face  of  the  pile.  But  yon  observe  scarcely  any  moHw 
of  tbo  galvanometer,  and  hence  may  infer  that  the  (jnantitf 
of  heat  radiated  by  the  air  is  exceedingly  small.  The  de- 
flection produced  is  7  degrees.  - 

But  thesie  7°  are  not  really  due  to  the  radiation  of  the 
r.  To  what,  then  ?  I  ojicn  one  of  tho  ends  of  ihe  ci. 
pcrimental  tube,  and  place  a  bit  of  black  paper  as  a  lining 
within  it ;  the  paper  merely  constitutes  a  ring  which  coven 
the  interior  surfucc  of  t^ho  tube  for  a  length  of  12  inclini. 
I  dose  tho  tube  and  repeat  the  last  experiment.  The  IuIm 
haa  been  exhausted  and  the  air  is  now  entering,  but  mark 
the  needle — it  has  already  flown  through  an  arc  of  70". 
You  ace  here  exemplified  tho  influence  of  lliis  bit  of  paper 
lining ;  it  is  warmed  by  the  air,  and  it  radiates  towards  the 
pile  in  this  copious  way.  2Xc  inlerior  surface  of  the  tuie 
iUel/  mtist  do  the  same,  though  in  a  less  degree,  and  to 
the  radiation  from  this  surface,  and  not  from  the-  air  itself, 
the  deflection  of  7°  which  wo  have  jnst  obtained  is,  I  be- 
lieve, to  be  ascribed. 

Removing  the  bit  of  lining  from  the  tube,  instead  of 
air  I  allow  nitrous  oxide  to  stre:tm  into  it ;  the  needle 
swings  to  28°,  thus  showing  the  superior  radialire  power 
of  this  gas.  I  now  work  the  puiup,  the  gns  >\-itliin  tho  w. 
perimental  tube  becomes  chilled,  and  into  it  Uie  jiilo  poors 
its  heat ;  a  awing  of  20°  in  the  opposite  direction  i&  the  OMl- 
acquenco. 
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Instead  of  nitrons  oxide,  I  now  allow  olcfiant  gas  to 
stream  into  the  exhausted  tube.  We  have  already  learned 
that  this  gas  is  highly  gifted  with  the  power  of  radiation. 
Its  atoms  are  here  warmed,  and  everyone  of  them  asserts 
its  power ;  the  needle  swings  through  an  arc  of  07°.  Let 
it  waste  its  heat,  and  let  the  needle  come  to  zero.  I  now 
pump  out,  and  the  consequent  chilling  of  the  gas,  within 
the  tube,  produces  a  deflection  of  40°  on  the  side  of  cold. 
We  have  certainly  here  a  key  to  the  solution  of  the  enig- 
matical effects  observed  with  the  alcohol  and  ether  vapour. 

For  the  sake  of  convenience  we  may  call  the  heating  of 
the  gas  on  entering  the  vacuum  dynamic  heating  ;  its  radi- 
ation I  have  called  dynamic  radiation^  and  its  absorption, 
when  chilled  by  pumping  out,  dynamic  absorption.  These 
terms  being  understood,  the  following  table  explains  itself. 
In  each  case  the  extreme  limit  to  which  the  needle  s\vung, 
on  the  entry  of  the  gas  into  the  experimental  tube,  is  re- 
corded. 

Dynamic  Itadiatio7i  of  Gases. 

Namo  Limit  of  let  Impulsion 


Air 

7 

Oxygen     . 

7 

Hydrogen . 

1 

Nitrogen    . 

.        1 

Carbonic  Oxide 

.      19 

Carbonic  acid 

.       21 

Nitrous  oxide 

.       81 

Olcfiant  gas 

.      63 

We  obser\'e  that  the  order  of  the  radiative  powers,  de- 
termined in  tliis  novel  way,  is  the  same  as  that  already  ob- 
tained from  a  totally  different  mode  of  experiment.  It 
must  be  borne  in  mind  that  the  discovery  of  dynamic  radi- 
ation is  quite  recent,  and  that  the  conditions  of  perfect  ac- 
curacy have  not  yet  been  developed ;  it  is,  however,  cer- 


390 


LEOTDSB  XL 


tain,  that  tho  mode  of  experiment  is  Bosceptible  of  the  last 
degree  of  precision. 

Let  us  now  turn  to  our  vapours,  and  while  dealing  with 
them  I  sliall  endeavour  to  unite  two  effects  which,  at  first 
siglit,  might  appear  utterly  incongruous.  We  have  already 
learned  that  a  polished  metal  surface  omits  an  extremely 
feeble  radiation  ;  but  that  when  the  same  surface  is  coated 
with  varnish  the  radiation  is  copious.  In  the  communica- 
tion of  motion  to  the  ether  the  atoms  of  the  metal  need  a 
mediator,  and  this  they  find  in  the  varnish.  They  commu- 
nicate their  motion  to  the  molecules  of  the  varnish,  and  tho 
latter  are  so  related  to  tho  luminiferous  ether*  that  they 


can  communicate  their  motion  to  it.     You  may  varnish  a 
metallic  surface  by  a  film  of  a  j^oiccrful  gas.    I  have  here 

•  If  wc  could  change  cither  the  name  given  to  the  interstellar  medium, 
or  that  given  to  certain  volatile  lif^uids  bj  chemists,  it  would  bo  on  advan- 
tage. It  ifl  difficult  to  avoid  confusion  in  tho  use  of  the  same  name  for 
objects  so  utterly  diverse 
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mgcmcnt  wiiicli  enables  mc  to  canse  a  thin  etratum 
it  gas  from  tbe  gaaholder  G  ((ig,  84)  lo  paae  through 

k  Glit  tube  a  b,  and  over  the  beated  surface  of  Ibe  cube  c. 
The  radiation  from  c  is  now  ncutrnliaed  by  that  from  c' ; 
bat  I  allow  the  gaa  to  flow  over  the  cube  c ;  and  though 
the  surface  ia  actually  cooled  by  the  passage  of  the  gaa,  for 
tbe  gas  has  to  be  warmed  by  the  metal,  you  bqo  the  cfiijct 
is  to  augment  considerably  the  radiation :  as  soon  as  the 
)  begins  to  flow  tbe  needle  begins  to  more,  and  reaches 
mpUtnde  of  45°. 

WWe  have  hero  vamisbcd  a  metnl  by  a  gas,  but  a  more 
sting  and  subtle  effect  is  the  vamis?iing  of  one  gaseous 

Irfjf  by  another.  I  bavc  here  a  flask  containing  some  ace- 
tic tfthCT  ;  a  volatile,  and,  as  you  know,  a  biglily  absorbent 
dobittanco.  I  attach  the  flask  to  the  experimental  tube,  and 
]>ennit  the  vapour  to  enter  tbe  tube,  until  tbe  mercury  col- 
itmn  has  been  depressed  half  an  inch.  There  is  now  vapour 
possessing  half  an  inch  of  tension  in  the  tube.  I  intend  to 
use  that  vapour  as  my  varnish;  and  I  intend  to  use  the  elo- 
mcDt  oxygen  instead  of  the  element  gold,  silver,  or  copper, 
as  the  substance  to  which  my  vapour  varnish  is  to  be  ap- 
plied. At  the  present  moment  the  needle  ia  at  zero,  and  I 
now  permit  dry  oxygen  to  enter  tbe  tube :  the  gaa  ia  dynam- 
ically heated,  and  we  have  seen  its  incompetence  to  radi- 
ate its  heat ;  but  now  it  comes  into  contact  with  the  acetio 
«Uier  vapour,  and,  communicating  its  motion  to  the  vapour 
by  direct  collision,  the  latter  in  able  to  send  on  tbe  motion 
lo  llwj  pile.  Observe  tho  needle — il  is  caused  to  swing 
'  I'ougfa  an  arc  of  70"  by  the  radiation  Crom  the  vapour 

r'liclcR.     I  need  not  insist  upon  the  fact  that  in  this  ex- 

-liment  tlto  vapour  bears  precisely  tbe  same  relation  lo 

B  oxygen,  that  the  vai-nish  does  to  the  metal  in  our  foi^ 

V  cxporimoiils. 
jOt  us  wait  a  little,  and  allow  tho  vapour  to  pour  away 

\  heat :  it  ia  tho  discharger  of  the  calorific  force  gene- 
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rated  by  the  oxygen — the  needle  is  again  at  zero.  I  work 
the  pump,  the  vapour  within  the  tube  becomes  chilled,  and 
now  you  observe  the  needle  swing  nearly  45°  on  the  other 
side  of  zero.  In  this  way  the  dynamic  radiation  and  ab- 
sorption of  the  vapours  mentioned  in  the  following  table 
have  been  determined;  air,  however,  instead  of  oxygen, 
being  the  substance  employed  to  heat  the  vapour.  The 
limit  of  the  first  swing  of  the  needle  is  noted  as  before. 

Dynamic  Radiation  and  Absorption  of  Vapours. 


Deflections 

Badiatioa 

> 

Absorption 

1.  Bisulphide  of  carbon 

o 

14 

B                         * 

G 

2.  Iodide  of  methyl 

19-5 

.       8 

3.  Benzol    . 

30 

.     14 

4.  Iodide  of  ethyl 

31 

15-5 

5.  Methylic  alcohol 

30 

6.  Chloride  of  amyl 

41 

.     23 

V.  Amylene 

48 

8.  Alcoliol 

60 

27-5 

9.  Sulphuric  ether 

04 

34 

10.  Formic  ether 

68-5     . 

S3 

1 1 .  Acetic  ether     . 

TO 

•                          • 

.     43 

"We  have  here  used  eleven  different  kinds  of  vapour  as 
varnish  for  our  air,  and  we  find  that  the  d^Tiamic  radiation 
and  absor])tion  augment  exactly  in  the  order  established  by 
experiments  with  external  sources  of  heat.  We  also  see 
how  beautifully  d)Ti.'imic  radiation  and  absoqition  go  hand 
in  hand,  the  one  augmenting  and  diminishing  with  the 
other. 

The  smallness  of  the  quantity  of  matter  concerned  in 
some  of  these  actions  on  radiant  heat  has  been  oflen  re- 
ferred to ;  and  I  wish  now  to  describe  an  experiment  which 
shall  furnish  a  more  striking  example  of  this  kind  than  any 
hitherto  brought  before  you.  The  absorption  of  boracic  ether 
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vapour,  as  given  at  page  368,  exceeds  that  of  any  other 
substance  there  referred  to ;  and  its  dynamic  radiation  may 
be  presumed  to  be  commensurate.  I  exhaust  the  experi- 
mental tube  as  perfectly  as  possible,  and  introduce  into  it 
a  quantity  of  boracic  ether  vapour  sufficient  to  depress  the 
mercury  column  ^'^jth  of  an  inch.  The  barometer  stands  to- 
day at  30  inches ;  hence  the  tension  of  the  ether  vapour 
now  in  our  tube  is  ^Jjth  of  an  atmosphere. 

I  send  dry  oxr  into  the  tube ;  the  vapour  is  warmed, 
and  the  dynamic  radiation  produces  the  deflection  6C°. 

I  work  the  pump  imtil  I  reduce  the  residue  of  air  within 
It  to  a  tension  of  0*2  of  an  inch,  or  ^  J-„th  of  an  atmosphere. 
A  residue  of  the  boracic  ether  vapour  rcmauis  of  course  in 
the  tube,  the  tension  of  this  residue  being  the  j  joth  part 
of  that  of  the  vapour  when  it  first  entered  the  tube.  I  let 
in  dry  air,  and  find  the  dynamic  radiation  of  the  residual 
vapour  expressed  by  the  deflection  42°. 

I  again  work  the  pump  till  the  tension  of  the  air  within 
it  is  0*2  of  an  inch  ;  the  quantity  of  ether  vapour  now  in 
the  tube  being  xla^h  of  that  present  in  the  last  experi- 
ment. The  dynamic  mdiation  of  this  residue  gives  a  de- 
flection of  20°. 

Two  additional  experiments,  conducted  in  the  same 
way,  gave  deflections  of  14°  and  10°  respectively.  The 
question  now  is,  what  was  the  tension  of  the  boracic  ether 
vapour  when  this  last  deflection  was  obtained  ?  The  fol- 
lowing table  contains  the  answer  to  this  question : — 

•    Dynamic  Hadiation  of  Boracic  Ether, 

Toniloa  in  iiarta  of  an  atmospbcro  DcflccUon 

in  .  .  .         00 


^O0 

17* 


42 
20 
14 
10 
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Tbe  air  itself,  warming  tfie  intGnoT  of  the  tabe,  p 
duces,  ax  wo  liavo  eecn,  a  deflection  of  7° ;  bcoce  tlut  e: 
dotlection  of  10"  was  not  due  to  the  radiation  of  tlie  ?; 
pour.  Deducting  7',  it  would  leave  a  residue  of  3". 
suppoang  we  entirely  omit  the  last  experiment,  we  ( 
tljen  have  no  doubt  that  at  least  half  tbe  deflection  14"  j 
due  to  the  residuo  of  boraclc  ctbcr  vapoar ;  this  resid 
v-a  find,  by  stiict  measurement,  would  have  to  bo  mnf 
])lied  by  one  thousand  millions  to  bring  it  np  to  the  U 
Bion  of  ordinary  atniosphcno  iur. 

Another  reflection  here  presents  itself,  which  ie  woi 
of  our  considcrntion.    AVe   have  measured  tbo  i 
radiation  of  olefiant  gas,  by  allowing  tbe  gas  to  enter  a 
tube,  until  the  latter  was  quite  filled.    What  was  tlie  bi 
of  the  warm  radiating  column  of  oteflant  gas  in  thia  e 
inent  ?  It  is  manifest  that  the  portions  of  the  column  n 
distant  fram  tbe  pile  must  radiate  tJiraugh  the  gas  in  front 
of  them,  and,  in  thia  forward  portion  of  the  column  of  gas, 
a  large  quantity  of  the  rajs  emitted  by  its  hinder  portion 
will  bo  absorbed.    In  fact,  it  is  quite  certain  that  if  i 
made  our  column  sufficiently  long,  the  frontal  portitd 
would  act  as  a  perfectly  impenetrable  screen,  to  the  r 
lion  of  the  hinder  ones.     Thus,  by  cutting  oS  the  part  q 
the  gaBGous  column  most  distant  ffom  the  pile,  - 
diminish  only  in  n  very  small  degree  the  amount  of  r 
tion  which  reaches  the  pile. 

Let  us  now  compare  the  dynamic  radiation  of  a  vajK 
with  that  of  olefiant  gas.  In  the  case  of  vapour  wo  a 
only  OS  of  an  inch  of  tension,  hence  the  radiating  mol 
coles  of  tlie  ether  are  much  wider  apart  than  those  of  tf 
olefiant  gas,  which  have  00  times  the  tension  ;  and  coni 
quently  the  radiation  of  tbo  hinder  portions  of  the  ooluEpI 
of  vapour  will  have  a  comparatively  open  door  thw 
wliich  to  reach  the  jiilo.  These  considerations  rcndor  | 
manifest  that  in  the  case  of  the  vaponr  a  grmler  length  q 
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tube  is  available  for  radiation  than  in  tlie  case  of  olefiant 
gas.  This  leads  to  the  conclusion,  tliat  if  wc  shorten  the 
tube,  wo  shall  diminish  the  radiation  in  the  case  of  the 
vapour  more  considerably  than  in  the  case  of  the  gas.  Let 
us  now  bring  our  reasoning  to  the  test  of  experiment. 

Wo  found  the  dynamic  radiation  of  the  following  four 
substances,  when  the  radiating  column  was  2  feet  9  inches 
long,  to  bo  represented  by  the  annexed  deflections : — 


o 


Olefiant  gas    .  .  .  .        G3 

Sulphuric  ether  .  .  .64 

Formic  ether  .  .  .68*6 

Acetic  ether   .  .  .  ,10 

defiant  gas  giving  here  the  least  dynamic  radiation. 

Experiments  made  in  precisely  the  same  manner  with  a 
tube  3  inches  long,  or  y'^t^i  of  the  former  length,  gave  the 
following  deflections : — 

defiant  gas     .  .  .89 

Sulphuric  ctlicr  .  .11 

Formic  ether  .  .  .  .12 

Acetic  ether    .  .  .  .15 

The  verification  of  our  reasoning  is  therefore  complete.  It 
is  proved,  that  in  tlie  long  tube  the  dynamic  radiation  of 
the  vapour  exceeds  that  of  the  gas,  while  in  a  short  one 
the  dynamic  radiation  of  the  gas  exceeds  tliat  of  the  vapour. 
The  result  proves,  if  proof  were  needed,  that  tliough  dif- 
fused in  air,  the  vapour  molecules  are  really  the  centres  of 
the  radiation. 

Up  to  the  present  point,  I  have  purposely  omitted  all 
leference  to  the  most  important  vapour  of  all,  as  far  as  our 
world  is  concerned — ^I  mean,  of  course,  the  vapour  of  wa- 
ter. This  vapour,  as  you  know,  is  always  diffused  through 
the  atmosphere.    Tiie  clearest  day  is  not  exempt  from  it : 
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'  indeed,  in  the  Alps,  the  purest  skies  ore  otYen  the 
treacberous,  the  blue  deepening  with  the  amuunl  of 
01I8  vapour  io  the  air.  It  is  needless,  therefore,  to 
yon,  that  when  1  speak  of  aqueous  vapour,  I  mean  notlunf 
visible ;  it  ia  not  fog ;  it  is  not  cloud ;  it  is  not  mist  of  nn 
kind.  Thcee  are  formed  of  vapour  which  has  been 
denaed  to  water ;  but  the  blue  vapour  with  which  we  hsT(( 
to  deal  is  an  impalpable  transparent  gas.  It  is  diffiaei 
everywhere  throughout  the  atmoBphere,  though  in  very 
difierent  proportions. 

To  prove  the  existence  of  aqueous  vapour  in  the  wr  of 
this  room,  I  have  placed  in  front  of  the  table  a  copper  ve* 
sol,  which  was  lilled  an  hour  ago  with  a  mixture  of  pound 
ed  ice  and  salt.  The  surface  of  the  vessel  was  then  bladti 
but  it  is  now  while — furred  all  over  \iith  hoar-frost — ^pn> 
duced  by  the  condensation,  and  subsequent  congelation  npog 
its  snrface  of  thu  aqueous  vai)our.  I  can  scrape  off  thii 
white  Bnbstance,  and  collect  it  in  my  Iiand.  As  I  remove 
the  frozen  vapour,  the  black  surface  of  the  vessel  reap! 
pears ;  and  now  I  have  eollectu J  a  sufficienl  quantity  tt 
form  a  respectable  snow-ball.  Let  aa  go  one  step  furtheTi 
I  place  this  snow  in  a.  mould,  and  squeeze  it  before  yoi 
into  a  cup  of  ice — there  ia  the  cup  ;  and  thus,  without  quit 
ting  this  room,  wo  have  expcrimeu tally  illustrated  the 
ufactnre  of  glaciers  from  beginning  to  end.  On  the  plat) 
of  glass  which  I  have  used  to  cover  the  vessel  the  vapoDE 
is  not  congealed,  but  it  ia  condeuaed  so  copiously,  thxl 
when  I  liold  the  plate  edgeways  the  water  rans  off  it  in 
stream. 

The  quantity  of  this  vapour  is  small.  Oxygen  and  t& 
trogeu  constitute  about  09j  ]>er  cent,  of  our  atmosphere 
of  the  remaining  0'5,  about  0*45  ia  aqneous  vapour;  the  r» 
siduo  is  carbonic  acid.  Had  we  not  been  already  ncqnainC 
ed  with  the  action  of  almost  iuRnitesimal  qnanlitiea  of 
ter  on  radiant  heat,  wc  might  well  despair  of  being  ablo  U 
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establish  a  measnrablo  action  on  the  part  of  the  aqueous 
vapour  of  our  atmosphere.  Indeed,  I  quite  neglected  the 
action  of  this  substance  for  a  time,  and  could  hardly  credit 
my  first  result,  which  made  the  action  of  the  aqueous 
vapour  of  our  laboratory  fifteen  times  that  of  the  air  in 
which  it  was  diffused.  This,  however,  by  no  means  ex- 
presses the  true  relation  between  aqueous  vapour  and  dry 
air. 

I  will  make  an  experiment  before  you  which  shall  illus- 
trate this.  Here,  you  see,  I  have  resumed  our  first  ar- 
rangement, as  shown  in  Plate  I.,  with  a  brass  tube,  and 
with  two  sources  of  heat  acting  on  the  opposite  faces  of  the 
pile.  I  exhaust  the  experimental  tube,  and  repeat  to-day 
the  experiment  with  dry  air,  which  I  made  at  the  com- 
mencement of  the  kst  lecture.  The  needle  docs  not  move 
sensibly.  If  close  to  it  you  would,  as  I  have  already 
stated,  observe  a  motion  through  about  one  degree.  Prob- 
ably, could  we  get  our  air  quite  pure,  its  action  would  be 
even  less  than  this.  I  now  pump  out,  and  allow  the  air  of 
this  room  to  enter  the  experimental  cylinder  direct,  with- 
out permitting  it  to  pass  through  the  drying  apparatxis. 
The  needle,  you  obscr\'e,  moves  as  the  air  enters,  jmd  the 
final  deflection  is  48°.  The  needle  will  steadily  point  to 
this  figure  as  long  as  the  sources  of  heat  remain  constant, 
and  as  long  as  the  air  continues  in  the  tube.  These  48° 
correspond  to  an  absorption  of  72  ;  that  is  to  say,  the  aque- 
ous vapour  contained  in  the  atmosphere  of  this  room  to-day 
exerts  an  action  on  the  radiant  heat,  72  times  more  power- 
ful than  that  of  the  air  itself. 

This  result  is  obtamed  with  perfect  ease,  still  not  with- 
out due  care.  In  compaiing  dry  with  humid  air  it  is  per- 
fectly essential  that  the  substances  be  pure.  You  may  work 
for  months  with  an  imperfect  drying  apparatus  and  fail  to 
obtain  air,  which  shows  this  almost  total  absence  of  action 
on  radiant  heat.   An  amount  of  organic  impurity,  too  small 


to  be  eeea  by  tlic  cyo,  ia  BufHtucnt  to  angmont  6(^old  t] 
nctloii  of  thu  mr.     ICnowlog  the  ctli'.ct  whioli  so  iJmoet  i 
liuiteBimal  amoiuit  of  matter,  in  coitain  cases,  can  produo 
yoa  arc  better  prepared  for  sucfa  factA  tliau  1  waa  whoD  tJ 
first  forced  tbemselvcs  upon  my  attention.     But  let  tui 
larcful  in  oar  enquiries.    The  experimental  rceidt  wli 
u'o  have  just  obtained  will,  if  tnie,  have  so  importaot  i 
iiiflucnco  on  the  Bcicncc  of  meteorology,  that,  before  it 
admitted,  it  ouglit  to  be  Eubjccted  to  the  closest  b> 
Fircit  of  all,  look  at  tUia  piece  of  rocksalt  brought  in  f 
the  next  room,  where  it  lias  stood  for  some  time  noor 
tank,  but  not  in  contact  with  visible  moisture.    Tbe  salt 
wet  J  it  is  a  hygroscopic  substance,  and  -freely  c 
moisture  upon  its  surface.     Here,  also,  is  n  polished  pla 
of  the  Bubst-ouce,  ^hicli  is  now  quite  dry ;  I  breatiie  a 
it,  and  instantly  its  aiSmly  for  moisture  causes  the  xapc 
of  my  breath  to  overspread  the  surface  in  a  lilm  wMcb  a 
liiliits  beautifully  the  colours  of  thin  plates.*   Now  ' 
know  from  the  table,  at  page  313,  how  opaque  a  Balati< 
of  rocksalt  is  to  the  caloriUc  ray^,  and  hence  arifioa  it 
question  whether,  in  the  above  experiment  * 
iur,  we  may  not  in  rcaUty  be  measuring  tbe  action  of  a  Ui 
stratum  of  such  a  solution,  deposited  on  our  plates  of  u 
instead  of  the  pnre  action  of  the  aqueous  vajwur  of  (be  a 
If  you  operate  incautiously,  and,  more  particularly,  if 
be  your  actual  intention  to  wet  your  plates  of  salt,  you  n 
readily  obt.'un  the  dcpoGition  of  moisture.    This  is  a  {M 
on  whicli  any  competent  oxperimonter  will  soon  iuatr 
himself;  biit  the  essence  of  good  experimenting  coti^sts 
the  exclusion  of  circumstances  which  would  reudor  the  put 
and  simple  (juestions  which  we  intond  to  put  to  Na) 
impure  and  composite  ones.    The  tiret  way  of  replying 
the  doubt  beru  raised  is  to  examine  our  plates  of  salt ;  t 
the  cx|>crimeiits  have  been  properly  conducted,  do  tn 
moistare  is  found  wf»on  the  surface.    To  rendur  tl»  fii 
•  Etc  Kolc  (8)  m  Uio  ci'il  (if  tUifl  Lecture. 
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of  this  experiment  more  certain,  I  will  slightly  alter  the  ar- 
rangement of  our  apparatus.  Hitherto  we  have  had  the 
thermoelectric  pile  and  its  two  reflectors  entirely  outside 
the  experimental  cylinder.  I  now  take  this  reflector  from 
the  pile,  and  removing  this  terminal  plate  of  rocksalt,  I 
push  the  reflector  into  the  cylinder.  The  hollow  reflecting 
cone  is  ^  sprung '  at  its  base  a  b  (fig.  95),  (our  former  ar- 
rangement, with  the  single  exception  that  one  of  the  re- 
flectors of  the  pile  p  is  now  within  the  tube)  so  that  it  is 

Fig.  05. 


held  tightly  by  its  own  pressure  against  the  inner  surface 
of  the  cylinder.  The  space  between  the  outer  surface  of 
the  reflector  and  the  inner  surface  of  the  tube  I  fill  with 
fragments  of  fused  chloride  of  calcium,  which  are  prevent- 
ed from  falling  out  by  a  little  screen  of  wire  gauze.  I  now 
reattach  my  plate  of  salt,  against  the  inner  surface  of  which 
abuts  the  .narrow  end  of  the  reflector ;  bring  the  face  of 
the  pile  close  up  to  the  plate,  though  not  into  actual  con- 
tact with  it,  and  now  our  arrangement  is  complete. 

In  the  first  place  it  is  to  be  remarked,  that  the  plate  of 
salt  nearest  to  the  source  of  heat  c  is  never  moistened,  un- 
less the  experiments  are  of  the  grossest  character.  Its 
proximity  to  the  source  makes  it  the  track  of  a  flux  of  heat, 
powerful  enough  to  chase  away  every  trace  of  humidity 
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from  its  surface.  Tbc  distant  plate  Is  the  one  in  dangei 
and  now  we  have  the  circtimferential  portions  of  thia  p 
kept  ]>crfcclJy  dry  by  the  chloride  of  calcium ;  no  moist  ta 
can  at  all  reach  the  rim  of  the  plate ;  while  upon  ita  costn 
portion,  measuring  about  a  square  inch  in  area,  lec  / 
converged  our  entire  radiation.  On  a  jmori  grounds  Ti 
should  conclude  thai  it  ia  c{iut«  impossible  that  a  film  a 
moisture  coold  collect  there ;  and  this  conclusion  is  justiSe 
by  fact.  I  test,  as  before,  the  dried  air  and  the  imdrie 
air  of  this  room,  and  find,  as  in  the  former  ini^taDCO,  th 
the  latter  produces  seventy  times  the  eflect  of  the  formo 
The  ueedle  is  now  deflected  by  the  absorption  of  the  t 
dried  air ;  allowing  tiiis  air  to  remain  in  the  tube,  I  u 
my  platfi  of  salt,  and  examine  its  surface.  I  oven  use 
lena  for  this  purpose,  taking  care,  however,  that  my  breat 
does  not  strike  the  plate.  It  was  carefidly  polished  whe 
attached  to  the  tube ;  it  is  perfectly  polished  now. 
or  rockcrj-Btal,  could  not  show  a  surface  more  exempt  froi 
any  appearance  of  moisture.  I  place  a  dry  bandkerdUe 
over  my  finger,  and  draw  it  along  the  surface;  it  leaves  II 
trace  behind.  Tliere  is  not  the  slightest  deposition  of  moi 
ture;  still  wo  see  that  absorption  has  taken  place 
experiment  is  conclusive  against  the  hypothesis  that  t 
effects  observed  are  due  to  a  film  of  brmo  instead  of  1 
a(.}ucous  vapour. 

The  doubt  may,  however,  linger,  that  although  we  a 
unable  to  detect  the  film  of  moisture,  it  may  still  be  ther 
Thia  doitht  h  answered  in  the  following  way : — I  tJ 
the  oipcrimt'Utal  lube  from  tlio  front  ehjunhcr,  .and  reioov 
the  two  plates  of  rockealt ;  the  tube  is  uow  ojvn  at  bot 
endny  and  my  aim  will  be  to  ijitrodnce  dry  and  moist  s 
into  this  open  tube,  and  to  compare  their  effects  upon  U 
radiatioii  ft-ora  our  sourco.  And  heio,  as  in  all  other  oaM 
the  practical  tact  of  the  experimenter  must  come  into  pin; 

c  eotu'ce,  on  the  one  hand,  and  the  pile  on  the  (itbor,  i 
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now  freely  exposed  to  the  air ;  and  a  very  slight  agitation 
acting  upon  either  wonld  disturb,  and  might,  indeed,  alto- 
gether mask  the  effect  we  seek.  The  air,  then,  must  be  in- 
troduced into  the  open  tube,  without  producing  any  com- 
motion either  near  the  source  or  near  the  pile.  The  length 
of  the  experimental  tube  is  now  4  feet  3  inches ;  at  c  (fig. 
96)  is  a  cock  connected  with  an  India-rubber  bag  containing 
common  air,  and  subjected  by  a  weight  to  gentle  pressure ; 


Fig.  96. 


Z]  [:« 
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at  D  is  a  second  cock  connected  by  a  flexible  tube,  <,  with 
an  air-pump ;  between  the  cock  c  and  the  India-rubber  bag 
our  drying  tubes  are  introduced ;  when  a  cock  near  the  bag 
is  opened,  the  air  is  forced  gently  through  the  drying  tubes 
into  the  experimental  cylinder.  The  air-pump  is  slowly 
worked  at  the  same  time,  and  the  dry  air  thereby  drawn 
towards  d.  The  distance  of  c  from  the  source  s  is  18 
inches,  and  the  distance  of  d  from  the  pile  p  is  12  inches, 
the  compensating  cube  c,  and  the  screen  n,  serve  the  same 
purpose  as  before.  By  thus  isolating  the  central  portion 
of  the  tube,  wo  can  displace  dry  air  by  moist,  or  moist  air 
by  dry,  without  permitting  any  agitation  to  reach  either 
the  source  or  the  pile. 

At  present  the  tube  is  filled  with  the  common  air  of  the 
laboratory,  and  the  needle  of  the  galvanometer  points 
steadily  to  zero.  I  now  allow  air  to  pass  throng!^  the  dry- 
ing apparatus  and  to  enter  the  open  tube  at  c,  the  piunp 
being  worked  at  the  same  time.  Mark  the  effect.  When 
the  dry  air  enters  the  needle  commences  to  move,  and  the 
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direction  of  its  motion  sIiowb  Hint  more  heat  is  now  pji 
ing  tlian  before.  The  substitution  of  dry  air  for  the  ur  i 
the  laboratory  lias  rendered  the  tubo  more  transparent 
the  rays  of  beat.  The  final  deflection  thus  obUiin«d  is 
degrees.  Ilere  the  needle  etcadily  remains,  and  beyo 
this  point  it  cannot  bo  moved  by  any  furtber  pumptog 
of  the  dry  air. 

I  now  shut  off  the  supply  of  dry  air  and  cease  'world 
the  pump ;  the  needle  sinks,  but  with  great  slonmeaa,  im 
ealing  a  correspondingly  slow  diffusion  of  the  aqoeo 
vapour  of  the  adjacent  air  into  the  dry  air  of  the  tube.  ', 
I  work  tho  pnmp  I  hasten  the  removal  of  the  dry  air,  ai 
the  needle  sinks  more  speedily, — it  now  points  to  jxs 
The  experiment  may  be  made  a  hundred  times  in  bqco 
Bion  without  any  deviation  from  this  result;  on  the  i 
trance  of  tho  dry  air  the  needle  invariably  goes  np  to  41 
showing  the  augmented  transparency ;  on  the  cntranoc  i 
the  undried  air  the  needle  sinks  to  0°,  showing  augment 
absorption. 

But  the  atmoGpfaere  to-day  is  not  saturated  with  ma 
tuTc ;  hence,  if  I  saturate  the  air,  I  may  expect  to 
greater  action,  I  remove  the  drying  apparatus  and  put 
its  place  a  U  tube,  wliich  is  filled  with  fiagmcnta  of  gb 
moistened  by  distilled  water.  Through  this  tube  I  tot 
the  air  from  the  India-rubber  bag,  and  work  the  pump 
before.  We  are  now  displacing  the  humid  air  of  the 
alory  by  still  more  humid  air,  and  soc  tho  cotieeqiioiv 
Tlic  needle  moves  in  a  direction  which  indicates  augment 
ojiacity,  the  final  deflection  being  15'. 

Here  then  we  have  substantially  the  same  result  as  ifc 
obtained  when  we  stopped  onr  tube  with  plates  of  ro< 
salt ;  hoaf«  the  action  cannot  be  referred  to  a  hypothetii 
film  of  moisture  deposited  upon  tlie  surface  of  the  jJab 
And  be  it  remarked  tliat  there  is  nut  the  slightest 
flr  uncertainty  in  llieso  e.\-jierimciil8  whco  properly 
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ducted.  They  have  been  executed  at  difercnt  times  and 
seasoBB ;  the  tube  has  been  dismounted  and  remounted ; 
the  suggestions  of  eminent  men  who  have  seen  the  experi- 
ments, and  whose  object  it  was  to  test  the  results,  have 
been  complied  with ;  but  no  deviation  from  the  effects  just 
recorded  has  been  observed.  The  entrance  of  each  kind 
of  air  is  invariably  accompanied  by  its  characteristic  action ; 
the  needle  is  under  the  most  complete  control :  in  short,  no 
experiments  hitherto  made  with  solid  and  liquid  bodies,  are 
'  more  certain  in  their  execution,  than  the  foregoing  experi- 
ments on  dry  and  humid  air. 

We  can  easily  estimate  the  per  centage  of  the  entire 
radiation  absorbed  by  the  common  air  between  the  points 
candD. 

Litrodncing  this  tin  screen  between  the  experimental 
cylinder  and  the  pile,  I  shut  off  one  of  the  sources  of  heat. 
The  deflection  produced  by  the  other  source  indicates  the 
toial  radiation. 

This  deflection  corresponds  to  about  780  of  the  units 
which  have  been  hitherto  adopted;  one  unit  being  the 
quantity  of  heat  necessary  to  move  the  needle  from  0°  to 
1^  The  deflection  of  45°  corresponds  to  62  units ;  out  of 
Y80,  therefore,  62,  in  this  instance,  have  been  absorbed  by 
the  moist  air.  The  following  statement  gives  us  the  ab- 
sorption per  hundred : — 

'^80:100  =  62:7-9. 

An  absorption  of  nearly  8  per  cent,  was,  therefore,  ef- 
fected by  the  atmospheric  vapour  which  occupied  the  tube 
between  c  and  d.  Air  perfectly  saturated  gives  a  still 
greater  absorption. 

This  absorption  took  place,  notwithstanding  the  partial 
sifting  of  the  heat,  in  its  passage  from  the  source  to  c,  and 
from  D  to  the  pile.  The  moist  air,  moreover,  was,  prob- 
ably, only  in  part  displaced  by  the  dry.     In  other  cxperi- 
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mente  I  found,  wilh  a.  tube  4  feet  long,  aaH  |>oliaiieil  witZ 
that  the  atmospheric  vapour,  on  a  day  of  average  dr;ii(ii 
absorbed  over  6  per  cent,  of  the  radiation  from  our  soure 
Regarding  the  earth  as  a  source  of  beat,  no  doubt,  ttt  it 
10  per  cent  of  Us  Tieal  ia  intercepted  teilhin  ten  Jixl  of  t 
aurface.*    This  ^gle  fact  suggeBts  ibe  enormous  inflw 
which  this  newly  developed  property  of  aqueoo*  vaj 
must  have  iii  the  phenomena  of  meteorology. 

But  we  have  not  yet  disposed  of  all  objections.    It  b 
been  intimated  to  me  that  tho  air  of  oiir  Laboratory  n 
be  impure  ;  and  the  suspended  carbon  particles  of  Uie  I 
don  air  have  also  been  rcfL'rred  to,  as  a  possible  cause  of  li 
absorption,  ascribed  to  aqueous  vapour, 

I  reply:  Ist.  The  results  were  obtained  when  Uie  i 
paratus  was  removed  from  the  laboratory — they  are  <i 
tainable  in  this  room.    2ndly.  Air  was  brought  from  tl 
following  localities  in  impervious  bags : — Hydo  Park,  Pril 
rose  Hill,  Hampstcad  Heath,   Epsom  Downs   (near 
Grand  Stand) ;  a  field  near  Neivport,  Isle  of  Wight ; 
Caibarine'a  Down,   Isle  of  Wight;   the  sea  beach  n 
Black^ang  Chine.     The  aqueous  vapour  of  the  air  / 
all  these  localities,  examined  in  the  usaal  teai/,  exerted  t 
absorption  seventy  times  that  of  the  air  in  which  the  v 
tern  dij^tsed. 

Again,  I  experimented  thus.  The  air  of  the  laboratoi 
was  dried  and  purified  until  its  absorption  fell  below  unit] 
this  purified  air  was  then  led  through  a  U  tube,  filled  vi' 
fragments  of  perfectly  clean  glass  moistened  with  distillfl 
water,  lu  neutrality,  when  dry,  showed  that  all  projai 
cinl  substances  had  been  removed  from  it,  and  in  piiswi 
through  the  U  tube,  it  could  take  up  nothing  but  tho  p 
vapour  of  water.    The  vapour  thus  carried  into  iho  exj 
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mental  tube  produced  an  action  ninety  times  greater  than 
that  of  the  air  which  carried  it. 

But  fair  and  philosophic  criticism  does  not  end  even 
here.  The  tube  with  which  these  experiments  were  made 
is  polished  within,  and  it  was  surmised  that  the  vapoiir  of 
the  humid  air  might,  on  entering,  have  deposited  itself 
upon  the  interior  surface  of  the  tube,  thus  diminisliing  its 
reflective  power,  and  producing  an  effect  apparently  the 
same  as  absorption.  But  why,  I  would  ask,  should  such  a 
deposition  of  moisture  take  place  ?  On  many  of  the  days 
when  these  experiments  were  made  the  air  was  at  least  25 
per'  cent,  under  its  point  of  saturation.  It  can  hardly  be 
assumed  that  such  air  would  deposit  its  moisture  on  a  me- 
tallic surface,  against  tohich,  moreover^  the  rays  from  our 
source  of  heat  were  at  the  time  impinging.  The  mere  con- 
sideration of  the  objection  must  deprive  it  of  weight. 
Further,  the  absorption  is  exerted  when  only  a  small  frac- 
tion of  an  atmosphere  is  introduced  into  the  tiibe,  and  it  is 
proportional  to  the  quantity  of  air  present.  This  is  shown 
by  the  following  table,  which  gives  the  absorption,  by  hu- 
mid air,  at  tensions  varying  from  5  to  30  inches  of  mercury. 


Humid  Air. 

TenHlon 
n Inches 

Absorption 

Observed 

Calculated 

5 

16 

.     16 

10 

32 

.     32 

16 

49 

.     48 

20 

64 

•     64 

25 

82 

.     80 

80 

98 

.     96 

The  third  column  of  this  table  is  calculated  on  the  as- 
sumption that  the  absorption  is  proportional  to  the  quan- 
tity of  vapour  in  the  tube,  and  the  agreement  of  the  calcu- 
lated and  observed  results  show  this  to  bo  the  case,  within 
the  limits  of  the  experiment.    It  cannot  be  supposed  that 
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effects  80  regular  as  these,  and  agreeing  so  completely  with 
those  obtained  with  small  quantities  of  other  vapours,  and 
even  with  small  quantities  of  the  permanent  gases,  can  be 
duo  to  the  condensation  of  the  vapour  on  the  interior  sur- 
face. When,  moreover,  ^we  inches  of  idr  were  in  the  tube, 
less  than  jth  of  the  vapour  necessary  to  saturate  the  space 
was  present.  The  dryest  day  would  make  no  approach  to 
this  dryness.  Condensation  under  these  circumstances  is 
impossible,  and  more  especially  a  condensation  which 
should  destroy,  by  its  action  upon  the  inner  reflector,  quan- 
tities of  heat  so  accurately  proportional  to  the  quantities  of 
matter  present. 

My  desire,  however,  was  to  take  this  important  ques- 
tion quite  out  of  the  domain  of  mere  reasoning,  however 
strong  this  might  appear.  I  therefore  resolved  to  abandon 
not  only  the  plates  of  rocksalt  but  also  the  experimental 
tube  itself,  and  to  displace  one  portion  of  the  free  atmos- 

Fig.  9T. 


phere  by  another.  With  this  view  the  following  arrange- 
ment was  made : — c  (fig.  97),  a  cube  of  boiling  water,  is 
our  source  of  heat,  y  is  a  hollow  brass  cylinder  set  up- 
right, 3-5  inches  wide,  and  7*5  inches  high,     p  is  the  ther- 
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^^■CKilectric  pile,  and  c'  a  compensating  cube,  between  wliicli 
^Msd  p  is  an  adja<tting  screen,  to  regulate  the  amount  of  ra- 
iSiation  falling  on  the  poaterior  surface  of  the  pile.  The 
wholo  arrangement  waa  surrounded  by  a  hoarding,  the 
Space  within  which  was  divided  into  compartments  liy 
f  «beets  of  tin,  and  these  spaces  woro  stuffed  loosely  with 
)er  or  horsehair.  These  precautions,  which  reijnired 
kbe  to  bo  learuGd,  were  nGcessary  to  prevent  the  formnlion 
P  local  mr-cnrrcnts,  and  also  to  intercept  the  irregular  ao- 
n  of  the  external  air.  The  effect  to  he  measured  hero  ia 
y  small,  and  hence  the  necessity  of  removing  all  cansea 
»M)f  disturbance  which  could  possibly  interfere  with  its  clear- 
ness and  purity. 

A  rose-burner  r  was  placed  at  tho  bottom  of  tlic  cylin- 
der T,  an<l  from  it  a  tube  passed  to  an  Indii-rubbcr  bag 
eont.aining  air.  Tlio  cylinder  y  was  first  filled  with  frag- 
ments of  rockcrj"stal,  moistened  with  distilled  water.  On 
flobjcciing  the  India-rubber  bag  to  pressure,  the  air  from  it 
WM  gently  forced  up  among  the  fragments  of  quartz,  and 
li.-iving  there  charged  itself  with  vapour  it  was  discliargod 
in  tho  space  between  the  cube  c  and  tho  pile.  Previous  to 
:  is  the  needle  stood  at  zero;  but  on  the  emergence  of  tho 
;tiiratcd  air  from  the  cylinder,  the  needle  moved  and  took 
ii[i  a  final  deflection  of  fi^-e  degrees.  The  direction  of  the 
defioction  showed  that  tho  opacity  of  the  space  between 
th«  source  c  and  the  pile  was  augmented  by  the  presence 
of  the  saturated  air. 

The  quartz  fi-agments  were  now  removed,  and  the  cyl- 
!:iler  was  filled  with  fragments  of  fresh  chloride  of  cal- 
■  mm,  through  which  the  air  was  gently  forced,  exactly  as 
i::  the  last  experiment.  Now,  however,  in  passing  through 
iu-  chloride  of  calcium,  it  was  in  great  p.art  robbed  of  its 
■[tieons  vapour,  and  the  air,  thus  dried,  displaced  tho  com- 
^^^uo  sir  Iietwccn  the  source  and  pile.  Tlio  nccillc  movi 
^^HhlKtiiig  a  pGimancnt  dellcullon  of  10  degrees ;  the 
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tion  of  the  deflection  sbowGil  that  the  transparency  of  t! 
epace  was  augmented  liy  tlio  presence  oi'  the  dry  air. 
properly  timing  the  discbarges  of  the  mr,  the  awiiig  of  t 
needle  could  bo  augmented  to  16  or  20  degrees.    ICep^ 
tioii showed  no  deviation  fiom  this  result;  Ae  satnra^ 
air  always  augmented  the  opacity,  the  dry  air  alwaj's  ad 
mented  the  transparency  of  the  space  between  the  sour 
and  the  pile.    Not  only,  therefore,  have  the  plates  of  roa 
salt  been  abanJonetl,  bat  also  the  experimental  tube  its 
and  the  results  are  all  perfectly  concurrent  as  regards  I 
action  of  aqueous  Ta])our  upon  radiant  heat. 

Were  this  subject  less  important  I  should  not  hta 
dwelt  upon  it  so  long.    1  thought  it  right  to  remove  eves 
objection,  so  that  metcorologiats  might  apply,  without  t' 
faintest  misgiving,  tlie  results  of  experiments.    The  ap]^ 
cations  of  these  results  to  their  Ecieuce  must  be  inntn 
able ;  and  here  I  cannot  bnt  regret  that  the  incomplete 
of  my  knowledge  prevents  me  from  making  the  proper  n 
plications  myself.    I  would,  hoivever,  ask  your  permiMion  %l 
refer  to  such  points  as  I  can  now  call  to  mind,  with  v 
the  facts  just  cstaliliahod  appear  to  be  more  or  leas  ii 
raatoly  connected. 

j\nd,  first,  it  ia  to  be  remarked  that  the  vapour  wbi 
absorbs  heat  thus  greedily,  radiates  it  copiously. 
fact  must,  I  imagine,  como  powerfully  into  play  in  t 
tropics.     We  know  that  the  sun  raises  from  Ihe  equate 
ocean  enormous  quantities  of  vapour,  and  that  immcdJat 
imder  him,  in  the  region  of  calms,  the  rain,  due  to  the  o 
densation  of  the  vapour,  descends  in  deluges.    Hilhei 
this  has  been  ascribed  to  the  chilling  which  accompi 
the  expansion  of  the  aHcending  air,  and  no  doubt  tills,  a 
true  cause,  muKt  produce  its  proportional  effect.     Btitl 
cannot  help  thinking  that  the  radiation  from  the  vapoor  W 
self  is  also  influential.    Imagine  a  column  of  eatunU-cd  ^ 
a§ouudiiig  from  Ibc  equatorial  ocean ;  for  a  lime  the  vap< 
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entangled  in  tWe  air,  is  surrounded  by  air  almost  fully 

saturated.    Its  vnpour  radiates,  but  it  rn^ates  into  vapour, 

sad  the  vapour  into  it.    To  the  radiation  from  any  vapour, 

a  BcrcCTi  of  the  same  vapour  is  particularly  opaque.    Hence, 

for  a  time,  the  radiation  from  our  ascending  colninn  is  iii- 

"  lorc«pted,  and  in  great  part  returned  by  the  surrounding 

■Aqwar ;  condeusation  nuder  sncb  circumstances  cannot  oc- 

Btar.    But  the  quantity  of  aqueous  vapour  in  the  air  dimin- 

Bahea  speedily  as  we  ascend ;  the  decrement  of  tension,  as 

Bbroved  by  the  observations  of  Hooker,  Strachy,  and  Welsh, 

■b  much  more  speedy  than  that  of  the  air ;  and,  finally,  our 

B^korouB  column  finds  itself  elevated  beyond  the  protecting 

Ht^ecn  which,  during  the  first  portion  of  its  ascent,  was 

Bfcttcad  out  above  it.   It  is  now  in  the  presence  of  pure  space, 

^■itS  into  space  it  pours  its  heat  without  stoppage  ur  rc- 

^Utal.    To  the  loss  of  heat  thus  endured,  the  condcnsaiion 

Hfthc  vapour,  and  its  torrential  descent  to  the  earth,  must 

Hhitainly  be  in  part  ascribed. 

^r  Similar  remarks  apply  to  the  formation  of  cumuli  in  our 
^nm  bititndcs  ;  they  arc  the  heads  of  columnar  bodies  of 
Hfl|K>ur  which  rise  from  the  earth's  surface,  and  arc  precipl- 
BtHed  ns  soon  as  they  reach  a  certain  elevation.  Tlius  tho 
HjUble  cloud  forms  the  capital  of  an  invisible  pillar  of  eat- 
Hbltcd  air.  Certainly  the  top  of  stich  a  colimin,  raised 
Hfeove  the  vapour  screen  which  clasps  the  earth,  and  ofil-r- 
Hk  iteolf  to  space  must  be  cliUlcd  by  radiation ;  in  this  ao- 
Hm  alone  wo  have  a  physical  eansc  for  the  generation  of 

^P  Monnt.'^s  act  as  condensers,  hat  how?  Partly,  no 
^BM>t,  by  the  coldness  of  their  own  masses ;  which  cold- 
^Bh  they  owe  to  their  elevation.  Above  them  spreads  no 
Htoour  Rorecn  of  suflicicnt  density  to  intercept  their  lieat, 
Hmeh  consequently  gushes  imrcqnitcd  into  space.  A¥hen 
Hm  ffm  U  withdrawn,  this  loss  is  shown  by  the  quick  and 
Hbtte  descent  of  the  thermometer.    This  descent  is  not  duo 
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to  radialioD  from  the  air,  but  to  radiation  from  the  eart 
or  from  the  thermometer  iteolf.  Thus  the  ilifl'ureucc  I 
tween  a  thermometer  which,  properly  confined,  gives  t 
true  temperature  of  the  night  mr,  and  one  which  is  jterm 
ted  to  radiate  freely  towards  Bpacc,  must  bo  greater  at  hij 
eloVBtiona  than  at  low  ones.  Tills  conclusion  is  e 
coufinned  by  obsen-ation.  On  the  Grand  Plateau  of  Mo 
Blanc,  for  example,  MM.  Marlins  and  Bravals  found  t 
differeDcG  between  two  such  thermometers  to  be  24"  Faiu 
when  a  difference  of  only  10''  was  observed  at  Cbamounl 

But  mountains  also  act  aa  condensers  by  tho  dtiflectl 
upwards  of  moist  wiuds,  and  their  consequent  expaasio 
the  chilling  thus  produced.is  the  same  as  that  which  accoi 
panics  the  direct  ascent  of  a  colunm  of  warm  air  into  I 
atmoaphcro  ;  the  elevated  air  perfurms  work,  and  its  be 
is  correspondingly  consumed.    But  in  addition  to  the 
causes,  I  think   we  most  take  into  account  tho  radia 
power  of  the  moist  air  when  thus  tilted  upwards.     It 
thereby  lifted  beyond  the  protection  of  the  aqueous  lay 
which  lies  close  to  the  earth,  and  therefore  pours  its  be 
freely  into  space,  thus  eOecting  its  own  condensation, 
doubt,  I  think,  can  bo  entertained,  tliat  the  extraordinai 
energy  of  water  aa  a  radiant,  in  all  its  slater  of  a 
lion,  must  play  a  powerful  part  in  the  condensation  of 
mountain  region.    As  vapour  it  pours  its  beat  into  s; 
and  promotes  condensation ;  as  liquid  it  pours  its  beat  int 
space  and  promotes  congelation ;  as  snow  it  pours  its  hei 
into  space  and  thus  comorta  the  surfaces  on  which  it  £ 
into  more  powerful  condensers  thau  they  otherwise  vol 
be.    Of  the  numerous  wonderful  properties  of  watCTt  ni 
tbo  least  important  is  this  estraordiaary  power  wbicb  : 
possesses,  of  discharging  tho  motion  of  heat  upOD  the  1 
lerstellar  ether. 

A  freedom  of  escape  similar  to  tliat  from  bodies  c 
vajjour  at  great  clcvatlous  would  occur  at  tb«  earth's  Sti 
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B  generally,  were  the  aqueous  vapour  removed  from  the 

3  it,  for  the  body  of  the  atmoBphere  in  a  practical 

aa  regards  the  tnuismissioii  of  radiant  heat.    The 

idrawal  of  the  biio  from  any  region  over  which  Uio  at- 

1  is  dry  must  be  followed  by  quick  refrigeration. 

a  would  be  rendered  entirely  miiidiab Stable  by  be- 

I  like  ourselves  through  the  operation  of  this  single 

« ;  with  an  outward  radiation  uninterrupted  by  aqucuus 

,  the  difference  between  her  monthly  maxima  and 

minima  must  be  enormous.     The  winters  of  Tliibet  are  al- 

oioat  unendurable  from  the  same  cause.     Witness  how  the 

^kpthormal  lines  dip  I'rom  the  north  into  Asia,  in  winter,  as 

^^KffOof  of  the  low  temperature  of  this  region.     Humboldt 

^^H|  dwelt  upon  the  '  frigorifio  power '  of  the  central  poff 

^^^la  of  this  continent,  and  controverted  the  idea  that  it 

■was  to  Ire  e.TpIained  by  reference  to  its  elevation,  for  there 

were  vast  expanses  of  country,  not  much  above  the  sea 

ievd,  witli  an  exceedingly  low  temperature.  Bat  not  laiow- 

I  tbe  influence  which  we  are  now  studying,  Humboldt,  I 

■.^ue,  omitted  one  of  tbe  most  important  of  the  causes 

1  contributed  to  the  observed  result.     Even  the  ab- 

1  of  the  sun  at  night  causes  powerful  refrigeration 

pen  the  air  is  dry.     The  removal,  for  a  single  summer 

^t,  of  the  aqueous  vapour  fi"oni  the  atmosphere  which 

reiB  England,  would  bo  attended  by  the  destruction  of 

f  plant  which  a  freezing  temperatnro  could  kill.    In 

i,  where  '  tbe  soil  is  fire  and  the  wind  is  flame,'  the 

Hj^cration  at  night  is  often  painful  to  boar.    Ice  has  been 

led  in  this  region  at  night.    In  Australia,  also,  tlio  rf<- 

tl  range  of  temperature  is  very  great,  amounting,  com- 

uly,  to  between  40  and  50  degrees.     In  short,  it  may  be 

fcly  predicted,  that  wherever  the  air  is  </ry,  the  daily 

mometrio  range  will  be  great.    This,  however,  is  quite 

ait  from  saying  that  when  the  air  is  clear  the  ther- 

rio  range  will  bo  groat.    Groat  cloamess  to  light  is 
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perfectly  compaliblo  witb  great  opacity  to  heat ;  tlie  m- 
moBpliere  may  be  charged  with  aqaoous  \-apour  while  t 
deep  blue  fiky  ia  overhead,  and  on  such  occasiooa  the  It 
rcatrial  radialJoQ  TCOuld,  not nnths landing  the  '  dounea 
be  intercepted. 

And  hero  we  are  led  to  an  easy  explanation  of  a  f^ 
which  evidently  perjilexed  Sir  John  Ja 
lie.  This  celebrated  experimenter  eo 
etructed  an  inBtrument  which  he  nami 
an  (htMosenpe,  the  function  of  whil 
w;i8  to  determine  the  r.-idi^ttion 
the  sky.  It  consisted  of  two  glass  bul 
united  by  a  vertical  glass  tube,  bo  n: 
row  that  a  little  column  of  liquid  H 
supported  in  the  tube  by  its  own  adl 
Bion,  The  lower  balb  d  {fig.  08)  W 
protected  by  a  metjillic  envelope,  U 
gave  the  tempcr.iture  of  the  air ;  the  E 
per  bulb  b,'  was  blackened,  and  was  n 
rounded  by  a  metallic  cap  c,  whicli  pi 
tected  the  bulb  from  terrestrial  ni^ 
tion. 

'  This  instrument,'  Ktys  its  invenU 
'  exposed  to  ihe  open  air  in  clear  weal 
cr  will  at  all  times,  both  during  the  dl 
f  and  the  night,  indicate  an  improseion  < 
cold  shot  downwards  from  the  high 
The  sensibility  of  the  instrument  is  re 
eti'iking,  for  the  liquor  incessantly  falls  and  rises  in  tl 
stem,  with  every  passing  cloud.  But  the  cause  of  its  van 
tions  does  not  always  appear  so  obvious.  Under  s  6i 
blue  sky  the  lethrioscope  will  sontotimes  indicate  a  cold  0 
60  millcRiniol  degrees ;  yet  on  other  days,  tchen  tAe  a 
Beetru  equaUy  bright^  the  effect  is  hardly  30".'  This  nnoB 
' '  ia  simply  due  to  tiio  difl'eronce   in  the  quantity  of 
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aqueous  vapour  present  in  the  atmosphere.  Indeed,  Leslie 
himself  connects  the  effect  with  aqueous  vapour  in  these 
words,  *  The  pressure  of  hygrometrio  moisture  in  the  air 
probably  affects  the  instrument.'    It  is  not,  however,  the 

*  pressure '  that  is  effective ;  the  presence  of  invisible  vapour 
intercepted  the  radiation  from  the  a^thrioscope,  while  its 
absence  opened  a  door  for  the  escape  of  this  radiation  into 
space.  As  regards  experiments  on  terrestrial  radiation,  a 
new  definition  will  have  to  be  given  for  '  a  clear  day ; '  it 
is  manifest,  for  example,  that  in  experiments  with  the 
pyrheliometcr,*  two  days  of  equal  visual  clearness  may 
give  totally  different  results.  Wo  are  also  enabled  to  ac- 
count for  the  fact  that  the  radiation  from  this  instrument 
is  often  intercepted  when  no  cloud  is  seen.  Could  we, 
however,  make  the  constituents  of  the  atmosphere,  its 
vapour  included,  objects  of  vision,  wo  should  see  sufficient 
to  account  for  this  result. 

Another  interesting  point  on  which  this  subject  has  a 
bearing  is  Melloni's  theory  of  serein,  'Most  authors,' 
writes  this  eminent  philosopher,  *  attribute  to  the  cold,  re- 
sulting from  the  radiation  of  the  air,  the  excessively  fine 
rain  which  sometimes  falls  in  a  clear  sky,  during  the  fine 
season,  a  few  moments  after  simset.'    *  But,'  he  continues, 

*  as  no  fact  is  yet  known  which  directly  proves  the  emissive 
power  of  pure  and  transparent  elastic  fluids,  it  appears  to 
mo  more  conformable,'  &c.,  &c.  If  the  difficulty  here 
urged  against  the  theory  of  serein  be  its  only  one,  the  the- 
ory will  stand,  for  transparent  clastic  fluids  are  now  proved 
to  possess  the  power  of  radiation  which  the  theory  assumes. 
It  is  not,  however,  to  radiation  from  the  air  that  the  chil- 
ling can  be  ascribed,  but  to  radiation  from  tho  body  itself, 
whose  condensation  produces  the  aereiji. 

Let  me  add  the  remark,  that  as  far  as  I  can  at  present 

*  Tho  iostramcnt  is  described  ia  Lecture  XII. 
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judge,  aqueous  vapour  and  liquid  water  absorb  tlio 
class  of  rays  ;  this  la  luioUier  way  of  etjiting  that  (lie  colouf 
of  pure  water  is  Bhared  by  its  vapour.  In  virtue  of  aqucom 
vapour  the  atmosphere  is  tbercfore  a  blue  luedium,  I  be- 
lieve it  has  been  remarked  that  tlic  colour  of  the  firmameal^ 
al  blue,  and  of  distant  hills,  deepens  with  the  amount  of 
aqueous  vapour  iu  tbo  tar ;  but  tho  substance  which  pro- 
duces a  variation  of  depth  must  be  effective  as  nn  oriph 
of  color.  \Vlietlicr  the  azure  of  the  sky — the  most  diffiou] 
question  of  meteorology, — is  to  be  tbua  accounted  for, 
will  not  at  present  venture  to  enquire.* 


n  with  Uic  iavesllgatioa  of  Ihe  TwHatioil  und  klMOlp 
of  imU  by  gnats  and  va|)Ouni,  it  gives  mc  pleasant  lo  refer  to  llic  pra 
■ml  inldUgont  aid  roadured  mo  by  Mr.  Betkur,  of  tlic  Qrm  of  EUJotU' 
Wist  Stnisd. 

Fran  tbo  maro  cncrgcUe  guca  and  vapours,  a  scricE  of  rerj 
daJB  eipctimeota  nu;  be  derired,  interesting  alite  to  Ihe  ohcmlat  u 
natucal  philosopher.    Ur.  Becker  hue  vooscrnctcil  a  cheap  form  of 
raloa  suilablo  for  the  cipcrimeals.     Wliero  quiuililatiic  resulu  al 
reiiuired,  tiro  cubes  of  liot  iruter,  an  open  tin  tube,  t  Ihermo-cIccCiic  ^k 
and  a  gatvanomctcr,  magnetized,  u  described  in  the  Appendix  to  Led 
1.,  will  Bolfiea  to  illustrate  the  action  of  the  stronger  gosci  and  Tlpo 
A  ourrcnl  of  air  from  a  common  liello<is  will  carrj'  tho  vapour  iata 
tube. 

The  fear  of  being  ted  too  far  from  my  subject  crniaea  n; 
■ill  speculation  as  lo  the  eauso  of  atmospheric  polarisation.  1  may, 
ever,  rcmork,  tlint  the  polurisalion  of  heat  waa  iUustratod  by  mumtui  a 
mica  piles  with  which  TtofcHsor  (now  Principal)  J.  D.  Porbca  Dist 
CMdod  ia  catalfUiduDg  tho  fitct  of  pa]ui«aIion. 


XOTE 
(8)  Kweiiing  tlic  beam  from  Ihp  plfli:lric  liiiijp  upon  tlie  polisbwl  til 
of  gait,  «o  OS  lo  reltoct  the  light  on  lo  a  screen ;  nnd  pltaing  ■  Im*  in  fr 
of  the  Ball,  so  a«  to  produce  an  ima^  of  iu  poU^hed  nufiiw  on  Qm  Soiw 
on  brcAtlimg  agninst  the  salt  through  a  glass  luhe,  beauUful  iTldeMOD 
iuatanlly  flash  forth,  which  may  be  seen  lij  tiundriHl*  at  nneo. 
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SXTSACTS  FEOM  A  DIBC0UB8E  'ON  RADIATION  TUBOUOH  THE 

EAETirS  ATMOSPHERR' 

*  Nobody  ever  obtained  the  idea  of  a  line  from  Euclid's  definition 
of  it — "  length  without  breadth."  Tl^p  idea  is  obtained  from  a 
real  physical  line,  drawn  by  a  pen  or  pencil,  and  therefore  pos- 
sessing width ;  this  idea  being  afterwards  brought,  by  a  process  of 
abstraction,  more  nearly  into  accordance  with  the  conditions  of 
the  definition.  So,  also,  with  regard  to  physical  phenomena;  we 
must  help  ourselves  to  a  conception  of  the  invisible,  by  means  of 
proper  images  derived  from  the  viable,  afterwards  purifying  our 
conceptions  to  the  needful  extent.  Dcfiniteness  of  conception, 
even  though  at  some  expense  to  delicacy,  is  of  the  greatest  utility 
in  dealing  with  phydcal  phenomena.  Indeed,  it  may  be  questioned 
whether  a  mind  trained  in  physical  research  can  at  aU  enjoy  peace, 
without  having  made  clear  to  itself  some  possible  way  of  conceiv- 
ing those  operations  which  lie  beyond  the  boundaries  of  sense,  and 
in  which  sensible  phenomena  originate. 

*  When  we  speak  of  radiation  through  the  atmosphere,  we  ought 
to  bo  able  to  afidx  definite  physical  ideas,  both  to  the  term  atmos- 
phere and  the  term  radiation.  It  is  well  known  that  our  atmos- 
phere is  mainly  composed  of  the  two  element*!,  oxygen  and  nitro- 
gen. These  elementary  atoms  may  be  figured  as  small  sphere's 
scattered  thickly  in  the  space  which  immediately  surrounds  the 
earth.  They  constitute  about  99i  per  cent,  of  the  atmosphere. 
Mixed  with  these  atoms,  we  have  others  of  a  totally  different 
character;  we  have  the  molecules,  or  atomic  groups,  of  carbonic 
acid,  of  ammonia,  and  of  aqueous  vapour.  In  these  substances 
diverse  atoms  have  coalesced,  forming  little  systems  of  atoms. 
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!rba  molecule  of  aqnoona  Tapoor,  for  essmplc,  consista  of  two  rtt- 
otaa  of  hydrogon,  nuited  to  one  of  oxjgeu;  and  they  minplo,  u 
littlo  trinds,  Emong  Iho  monads  of  oxygen  mid  nitrogen  trlii^  ooQ- 
Btitnto  tbe  great  mnsB  of  the  atmosphere. 

'  Thtae  atoms  and  molecules  are  eeparntw,  bat  they  ore  cnibraceil 
by  a  common  medium.  "Witb'in  our  atmosphere  Mists  a  ecoood. 
and  a  finer  atmosphere,  in  which  the  atomx  of  osygun  and  nitro- 
Bon  liang  lilco  snsiwnded  grains.  This  Sner  atmosplieru  nniUw  not 
Duly  atom  with  atom,  bat  etar  wltli  star;  and  tim  li^lit  of  all  tiaot, 
and  of  oil  stars,  is  in  reality  n  kind  of  miiBic,  prapngnted  thraagti 
this  iiiterstAllar  tar.  This  image  most  he  clearly  sciecd,  ond  tlun 
e  hBTD  to  advimce  a  at«p.  We  must  not  only  ligoro  our  atoms 
suspended  in  tliis  meiliam,  but  vibrating  in  it.  lu  tiiis  (UOlloD  tif 
the  atoms  consists  what  we  call  thoir  beat.  "  What  is  heat  in  m," 
SB  Loclte  has  perfectly  i;xpresMd  it,  "is  in  tiie  body  iioatcd  noth- 
ing but  motion."  Well,  we  must  lignra  tliis  motion  communicalcd 
to  the  modiam  in  which  tho  atuiaa  swing,  and  sent  in  ripplea 
tbroDgh  it,  with  inconceivable  velocity,  to  the  bounds  of  wplie^ 
Jfotion  in  thia  form,  nnconnectcd  with  onliuary  matter,  but  speed- 
ing Ihrongli  tho  iut«rBt«llar  mcdiimi,  receives  the  diluio  of  Bai&tal 
Heat;  and,  if  competent  to  excite  the  nerves  of  virion,  wtt  caOU 
Light. 

■Aqueous  vapoTir  was  deBnod  to  be  an  invisible  gas.    VqXKir 

IS  permitted  to  iasno  horizontally  with  considerable  foroe  Cton 
a  tulie  oouuecl«d  witli  a  email  boiler.  Tbo  track  iif  tho  cloud  of 
condouBed  ateam  was  vividly  illuminated  by  the  eleetrio  lif^il. 
What  was  seen,  however,  was  not  vapour,  but  vapour  cundoiucd 

water.  Beyond  tho  risible  end  of  die  jet,  tbo  cloud  rwolved 
itself  into  true  vairanr.  A  lamj>  was  placed  under  the  jet,  «t  Va- 
rious points;  tbo  dond  wits  cut  sharply  ofTat  that  point,  and  wliGB 
tho  flame  was  placed  near  tlie  efllux  orifice,  the  clond  entirety  dl*- 
eppcorcd.  Tho  heat  of  tlie  lamp  corojiletely  prevonti-d  prectintft' 
tion.  This  ^iunio  vapour  wns  cuudcuscd  and  congealed  ou  the  wuw 
face  of  a  vessel  ooutuiuiug  a  freezing  mixture,  iVom  wliidi  It  WM 
craped,  in  qnontities  eufBuiont  to  form  a  Hmoll  snowbaU.  tbt 
beam  of  the  elootrio  lump,  moreover,  was  sent  tlirongb  a  largo  n- 
ooiver  placed  oii  an  air-)>ump.  A  fingle  stroke  of  Uie  pump  tmaei 
llie  precipitation  of  the  nqueoiii  vujiour  witliin,  wbidi 

lutifully  illnmbalcd  liy  l!ic  beam ;  wliilc,  ujion  a  scri 
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a  richly-coloured  halo,  due  to  diffraction  by  the  little  cloud  within 
the  receiver,  flashed  forth.  • 

'  The  waves  of  heat  speed  from  our  earth  through  the  atmos- 
phere towards  space.  These  waves  dash  in  their  passage  against 
the  atoms  of  oxygen  and  nitrogen,  and  against  the  molecules  of 
aqueous  vapour.  Thinly  scattered  as  these  latter  are,  wo  might 
naturally  thjnk  meanly  of  them,  as  harriers  to  the  waves  of  heat. 
We  might  imagine  that  the  wide  spaces  between  the  vapour  mole- 
cules would  be  an  open  door  for  the  passage  of  the  undulations ; 
and  that  if  those  waves  were  at  all  intercepted,  it  would  be  by  the 
substances  which  form  99^  per  cent,  of  the  whole  atmosphere. 
Three  or  four  years  ago,  however,  it  was  found  by  tlie  speaker  that 
this  small  modicum  of  aqueous  vapour  intercepted  filtccn  times 
the  quafitity  of  heat  stopped  by  the  whole  of  the  air  in  which  it 
was  diffused.  It  was  afterwards  found  that  the  dry  air  then  ex- 
perimented with  was  not  perfectly  pure ;  and  that  the  purer  the 
air  became,  the  more  it  approached  the  character  of  a  vacuum,  and 
the  greater,  by  comparison,  became  the  action  of  the  aqueous  va- 
pour. The  vapour  was  found  to  act  with  30,  40,  50,  60,  70  times 
the  energy  of  the  air  in  which  it  was  diflused ;  and  no  doubt  was 
entertained  that  the  aqueous  vapour  of  the  air  which  filled  the 
Royal  Institution  theatre,  during  the  delivery  of  the  discourse,  ab- 
sorbed 90  or  100  times  the  quantity  of  radiant  heat  which  was  ab- 
sorbed by  the  main  body  of  the  air  of  the  room.  Looking  at  the 
sin^e  atoms,  for  every  200  of  oxygen  and  nitrogen  there  is  about 
1  of  aqueous  vapour.  This  1  is  80  times  more  powerful  than  the 
200;  and  hence,  comparing  a  single  atom  of  oxygen  or  nitrogen 
with  a  single  atom  of  aqueous  vapour,  we  may  infer  that  the  action 
of  the  latter  is  16,000  times  that  of  the  former. 

*  No  doubt  can  exist  of  the  extraordinary  opacity  of  this  sub- 
stance to  the  rays  of  obscure  heat ;  particulai'ly  such  rays  as  are 
emitted  by  the  earth,  after  being  warmed  by  the  sun.  Aqueous 
vapour  is  a  blanket,  more  necessary  to  the  vegetable  life  of  Eng- 
land than  clothing  is  to  man.  Remove  for  a  single  summer-night 
the  aqueous  vapour  from  the  air  which  overspreads  this  country, 
and  you  would  assuredly  destroy  every  plant  capable  of  being 
destroyed  by  a  freezing  temperature.  The  w^armth  of  our  fields 
and  gardens  would  pour  itself  unrequited  into  space,  and  the  sun 
would  rise  upon  an  island  held  fast  in  the  iron  grip  of  frost.    The 
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aqnoODs  vnpOQT  conEtitntos  n  lucnJ  dnio,  b;  wliich  ihc  terajM 
at  the  earth's  surface  ia  dce|icnei] :  the  dwu,  liowevor,  ISniiJIy  o 
flows,  nad  we  give  to  space  all  that  we  rooeivo  from  tlio  sun. 

'The  son  r;uaos  the  vapours  of  the  cqaatoriul  ooMin;  thefHuvl 
but  for  a  tjnio  a  vapour  scroeu  spreads  above  tmil  aronnd  tbce 
But  tho  higher  they  rise,  the  more  Hxej  come  into  the  preeenea 
of  pure  space;  and  wIidh,  bj  tJiclr  lovit/,  thb7  have  i>caetrat«d>l 
the  vapour  screen,  which  lies  close  to  the  onrth's  Eurbice,  w 
must  uccur) 

'  It  hiiB  )>e«D  said  that,  I^ompaTUll  atom  fur  atom,  the  abMrptloi 
of  au  titom  of  aqueous  vapoar  is  16,000  times  thai  of  a 
tho  power  to  absorb  aoil  the  powor  to  radiatu  are  perfectly  n 
rocol  and  proportional.    Tho  atom  of  nqnooua  vapour  will  LhvrA>9 
fore  radiate  with  1G,'>00  times  tlie  enunry  ot  on  atom  of  air. 
offne,  then,  this  powerfal  radiant  In  tho  presenoe  of  spuoe, 
with  no  screen  above  it  to  check  ita  raijiation.     Into  space  il 
poun  its  heat,  chills  itselt^  condenses,  and  tho  tropical  torn 
ore  the  oonseqaenco.    Tho  cipansiun  of  the  air,  no  donbt,  a 
refrigerates  it;  but  in  accounting  for  doluges,  tho  chilling  of  t^^ 
VDpoiu-  by  its  own  radiation  must  pla;  a  most  importout  par 
The  rain  quits  tho  ocean  as  vapour;  returns  to  it  aa  water. 
are  the  vast  Btores  of  beat,  set  tree  by  the  change  from  the  vapc 
ooa  to  the  liquid  condition,  disposed  of?    Douh>lIc»^  iu  gttat  y. 
they  are  wasted  by  radiation  inU)  space.    Similar  remarks  a 
to  tlie  cumuli  of  oar  latitudes.    The  warmed  air,  charged  * 
vapour,  rises  in  colomns,  so  as  to  penetrate  iba  vapour  aoi 
which  hugs  the  earth;  iu  the  presence  of  space,  tlie  head  of  « 
pillar  wastes  its  beat  by  nidiutidD,  condenses  to  a  CDmitln^  wUdi 
constitutes  tlio  ^ieiblo  capital  of  an  invisible  colmnn  of  aator 
air.     Numbcrlcas  other  niotcorolo^cal  phenomena  rocttve  t 
solution  by  rofdrencu  to  llio  radiant  and  absorbent  proportiu  0 
nqneoos  vapour.' 

Tho  radiant  power  of  a  vapour  is  proportional  to  Its  abaorb« 
poiror.  Ezpcriments  on  the  dynamic  radiation  of  dried  Ud  n 
tlriod  uir  prove  the  superiority  of  tlio  luttcr  as  n  radiator, 
following  experiment,  performed  by  Dr.  FranVlaiid  in  tht 
of  tlie  Itoyal  InHUtution,  showed  the  etr«ct  to  a  large  a 
A  chnrcofd  cbauffer,  14  inches  high  and  G  inches  in  diameter,  i 
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placed  in  front  of  a  thermo-electrio  pile,  and  at  a  distance  from  it 
of  two  feet.  The  radiation  from  the  chauffer  itself  was  inter- 
cepted by  a  metallic  screen.  The  deflection  dae  to  the  radiation 
from  the  ascending  column  of  hot  Carbonic  acid  was  then  carefully 
neutralised  by  a  constant  source  of  heat,  radiating  against  the  op- 
podte  face  of  the  pile.  A  current  of  steam  was  then  forced  verti- 
cally through  the  chauffer.  The  deflection  of  the  galvanometer 
was  prompt  and  powerful.  When  the  current  of  steam  was  in- 
terrupted, the  needle  returned  to  zero.  When,  instead  of  a  cur- 
rent of  steam,  a  current  of  air  was  forced  through  the  chauffer,  the 
slight  effect  produced  showed  the  pile  to  be  chilled  instead  of 
warmed.  In  this  experiment  Dr.  Frankland  compared  aqueous 
vapour,  not  with  air,  but  with  the  more  powerful  carbonic  acid, 
and  demonstrated  the  superiority  of  the  va]X)ur  as  a  radiator.* 

The  following  remarkable  passage  from  Hooker's  *  Himalayan 
Journals,'  1st  edit  vol.  ii.  p.  407,  also  bears  upon  the  present  sub- 
ject: 'From  a  multitude  of  desultory  observations  I  conclude 
that,  at  7,400  feet,  125*7'*,  or  67°  above  the  temperature  of  the 
air,  is  the  average  effect  of  the  sun's  rays  on  a  black  bulb  ther- 
mometer. .  .  .  These  results,  though  greatly  above  those 
obtained  at  Calcutta,  are  not  much,  if  at  all,  above  what  may  be 
observed  on  the  plains  of  India.  The  effect  is  much  increased  by 
elevation.  At  10,000  feet,  in  December,  at  9  a.  m.,  I  saw  the  mer- 
cury mount  to  132°,  while  the  temperature  of  shaded  snow  hard 
by  was  22°.  At  13,100  feet,  in  January,  at  9  a.  m.,  it  lias  stood 
at  98°,  with  a  difference  of  68*2°,  and  at  10  a.  m.  at  114°,  with  a 
difference  of  81*4°,  whilst  the  radiating  thermometer  on  the  snow 
had  fallen  at  sunrise  to  0*7°.' 

These  enormous  differences  between  the  shaded  and  the  un- 
shaded air,  and  between  the  air  and  the  snow,  are,  no  doubt,  due 
to  the  comparative  absence  of  aqueous  vapour  at  these  elevations. 
The  mr  is  incompetent  to  check  either  the  solar  or  the  terrestrial 
radiation,  and  hence  the  maximum  heat  in  the  sun  and  the  maxi- 
mum cold  in  the  shade  must  stand  very  wide  apart.  The  differ- 
cnco  between  Calcutta  and  the  plains  of  India  is  accounted  for  in 
tlie  same  way. 

Dr.  Livingstone,  in  his  *  Travels  in  South  Africa,'  has  given 
some  BtriWng  examples  of  the  difference  in  nocturnal  chilling 

•  PhiL  Mag.  vol.  xxvii  p.  826. 
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AvLcn  the  air  is  dry  and  when  laden  with  moisture.  Thns  he 
finds  in  South  Ccntnd  Africa  daring  the  month  of  June,  Hhe 
thermometer  early  in  the  mornings  at  firom  42**  to  52'' ;  at  noon, 
94°  to  9C°,  or  a  mean  diflference  of  48°  between  sunrise  and  mid- 
day. The  range  would  probably  have  been  found  still  greater 
had  not  the  thermometer  bc«n  placed  in  the  shade  of  his  tent, 
which  was  pitched  under  the  thickest  tree  he  could  find.  Be 
addis  moreover,  '  the  sensation  of  cold  after  the  heat  of  tlie  day 
was  very  keen.  The  Balonda  at  this  season  never  leave  their  fires 
till  nine  or  ten  in  the  morning.  As  the  cold  was  so  great  here,  it 
was  probably  frosty  at  Linyanti ;  I  therefore  feared  to  expose  my 
young  trees  there.'* 

Dr.  Livingstone  afterwards  crosses  the  continent  and  reaches 
the  river  Zambesi  at  the  beginning  of  tlio  year.  Hero  the  iher- 
mometrio  range  is  reduced  from  48°  to  12°.  lie  thus  describes 
the  change  he  felt  on  entering  the  valley  of  the  river :  '  We  were 
struck  by  the  fact,  that  as  soon  as  we  came  between  the  rpnge  of 
hills  which  flank  the  Zambesi,  the  rains  felt  warm.  At  sunrise 
the  thermometer  stood  at  from  82'  to  8(y^ ;  at  midday,  in  the  cool- 
est shade,  namely,  in  my  little  tent,  under  a  shady  tree,  at  90 '  to 
98^ ;  and  at  sunset  at  80''.  This  is  different  from  au^-thijig  wo 
expcrienc<;d  in  the  interior.'  + 

Proceeding  towards  the  mouth  of  the  river,  on  January  10  he 
makes  the  following  additional  observation :  *  The  Zambesi  is  very 
broad  hero  (at  Zumbo),  but  contains  many  inhabited  islands. 
AVe  slept  opposite  one  on  the  IGth,  called  Shibanga.  The  nights 
are  warm,  the  temperature  never  falling  below  80"^;  it  wjis  91° 
even  at  sunset.  One  cannot  cool  the  water  by  a  wet  towel  round 
the  vessel.     .     .     .'J 

In  Central  Australia  the  daily  range  of  the  thermometer  is 
still  greater.  The  follow uig  extract  is  from  a  paper  by  Mr.  W.  S, 
Jevons  *  On  some  Datu  concerning  the  Climate  of  Australia  and 
New  Zealand ' :  * .  .  .  In  the  interior  of  the  continent  of  Aus- 
tralia the  fluctuations  of  temperature  are  immensely  increased. 
The  heat  of  the  air,  as  described  by  Captain  Sturt,  is  fearful 
during  summer;  thus,  in  about  lat.  'M)'  50'  S.,  and  Ion.  141°  18' 
E.,  he  writes:  "The  thermometer  every  day  rose  to  112'  or 
110'  in  the  shade,  whilst  in  the  direct  rays  of  the  sun  from  140^ 

*  Livingstone's  Travels,  p.  481.     \  Ibid.  p.  573.     J  Ibid.  p.  589. 
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to  150'."  Again,  "  at  a  quarter  past  three  p.  m.  on  January  21 
(1B45),  the  thermometer  had  risen  to  131"  in  the  shade,  and  to 
154"*  in  the  direct  rays  of  the  sun."  ...  In  tlie  winter  tke 
thermometer  was  observed  as  low  as  24°,  giving  an  extreme  range 
of  107^ 

'  The  fluctuations  of  temperature  were  often  very  great  and 
sadden,  and  were  severely  felt.  On  one  occasion  (October  25), 
the  temperature  rose  to  110°  during  the  day,  but  a  squall  coming 
on,  it  fell  to  88°  at  the  following  sunrise ;  it  thus  varied  72°  in  less 
than  twenty-four  hours.  .  .  .  Mitchell,  on  Ids  last  journey  to 
the  N.  W.  interior,  had  very  cold  frosty  nights.  On  May  22,  the 
thermometer  stood  at  12°  in  the  open  air.  .  .  .  Still,  m  tlie 
day  time,  the  air  was  warm,  and  the  daily  range  of  temperature 
was  enormous.  Thus,  on  June  2,  the  thermometer  rose  from  11° 
at  sunrise  to  67°  at  four  p.  m. ;  or  through  a  range  of  5C°.  On 
June  12,  the  range  was  53°,  and  on  many  other  days  nearly  as 
great 

Even  at  Sydney  the  average  daily  range  of  the  thermometer  is 
21",  whilst  at  Greenwich  the  average  range  is  only  17°.  *  It  thus 
appears  that  even  close  to  the  ocean  the  mean  daily  range  of  the 
Australian  climate  is  very  considerable.  It  is  least  in  the  autumn 
and  greatest  during  the  cloudless  days  of  spring.'  After  giving  a 
table  of  the  seasonal  variation  of  the  rainfall  in  Australia,  Mr.  Jcv- 
ons  remarks  that  Mtis  plainly  shown  that  the  most  rainy  season 
of  the  year  on  the  east  coast  is  the  autumn,  that  is,  the  three 
months,  March,  April,  May.  The  spring  season  appears  the  driest, 
summer  and  winter  being  intermediate.' 

Without  quitting  Europe,  we  find  places  where,  while  the  day 
temperature  is  very  high,  the  hour  before  sunrise  is  intensely  cold. 
I  have  often  experienced  this  in  the  post-wagens  of  Germany ;  and 
I  am  informed  that  the  Ilungarian  peasants,  if  exposed  at  night, 
take  care,  even  in  hot  weather,  to  protect  themselves  by  heavy 
cloaks  against  the  nocturnal  chill.  The  observations  of  MM.  Bra- 
vais  and  Martins  on  tlio  Grand  Plateau  of  Mont  Blanc  have  been 
already  referred  to.  M.  Martins  has  recently  added  to  our  knowl- 
edge by  making  o!)servations  op  the  heating  of  the  soil  at  great 
elevations,  and  finds  on  the  summit  of  the  Pic  du  Midi  the  heat  of 
the  soil  exposed  to  the  sun,  above  that  of  the  air,  to  be  twice  as 
great  as  in  tlie  valley  at  the  base  of  the  mountain.     *  The  immense 
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heating  of  tho  soil,'  writes  M.  Martins,  '  compared  with  that  of  the 
air  on  high  mountains,  is  the  more  remarkable,  since,  daring  the 
nights,  the  cooling  by  radiation  is  there  much  greater  than  in  the 
plain.'  Tho  observations  of  the  Messrs.  Schlagentweit  famish,  if  I 
mistake  not,  many  illustrations  of  the  action  of  aqaeoas  vapoar; 
and  I  do  not  doabt,  that  tho  more  this  question  is  tested,  the  more 
clearly  will  it  appear  that  the  radiant  and  absorbent  powers  of  this 
substance  enable  it  to.  play  a  most  important  part  in  the  phenom- 
ena of  meteorology. 


LECTURE   XII, 

AfiSORPnON  OF  HEAT  BT  TOLATILE  LIQUIDS — ^ABSORPTION  OF  HBAT  BT  THE  VA- 
POURS OF  THOSE  LIQUIDS  AT  A  COMMON  PRESSURE — ABSORPTION  OF  HEAT 
BT  THE  SAME  TAPOURS  WHEN  THE  QUANTITIES  OF  YAPOUR  ARE  PROPOR- 
TIONAL TO  THE  QUANTITIES  OF  LIQUID COMPARATIVE  VIEW  OF  THE  AC- 
TION OF  LIQUIDS  AND  THEIR  VAPOURS  UPON  RADIANT  HEAT — PHTSICAL 
CAUSE  OF  OPACITY  AND  TRANSPARENCY — ^INFLUENCE  OF  TEMPERATURE  ON 
THE  TRANSMISSION  OF  RADL4NT  HEAT — CHANGES  OF  POSITION  THROUGH 
CHANGES  OF  TEMPERATURE — ^RADL^TION  FROM  FLAMES — INFLUENCE  OF  OS- 
CILLATING PERIOD  ON  THE  TRANSMISSION  OF  &ADIAST  HEAT — EXPLANATION 
OF  RESULTS  OF  MELLONI  AND  KNOBLAUCH. 

THE  natural  philosophy  of  the  future  must,  I  imagine, 
mainly  consist  in  the  investigation  of  the  relations 
subsisting  between  the  ordinary  matter  of  the  universe 
and  the  ether  in  which  this  matter  is  immersed.  Regard- 
ing the  motions  of  the  ether  itself,  the  optical  investiga- 
tions of  the  last  half  century  have  left  nothing  to  be  de- 
sired; but  regarding  the  atoms  and  molecules,  whence 
issue  the  undulations  of  light  and  heat,  and  their  relations 
to  the  medium  in  which  they  move,  and  by  which  they 
are  set  in  motion,  these  investigations  teach  us  little.  To 
come  closer  to  the  origin  of  the  ethereal  waves — to  obtain, 
if  possible,  some  experimental  hold  of  the  oscillating  at- 
oms themselves — ^has  been  the  main  object  of  those  re- 
searches on  the  radiation  and  absorption  of  heat  by  gases 
and  vapours,  which,  in  brief  outline,  I  have  sketched  be- 
fore you. 

These  enquiries  have  made  known  the  differences 
which  exist  between  different  gaseous  molecules,  as  re- 
gards their  power  of  emitting  and  absorbing  radiant  heat. 
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When  a  gas  is  condensed  to  a  liquid,  the  moleenles  ap- 
proach and  grapple  with  each  other,  by  forces  which  are 
insensible  as  long  as  the  gaseoas  state  is  maintained.  Bat 
though  thus  condensed  and  enthralled,  the  all-pervading 
ether  still  surrounds  the  molecules.  If,  then,  the  power 
of  radiation  and  absorption  depend  upon  them  individ- 
ually, we  may  expect  that  the  deportment  towards  radiant 
heat  of  the  free  molecule,  will  maintain  itself  after  that 
molecule  has  relinquished  its  freedom  and  formed  part  of 
a  liquid.  If,  on  the  other  hand,  the  state  of  aggregation 
be  of  paramount  importance,  we  may  expect  to  find,  on 
the  part  of  liquids,  a  deportment  altogether  different  from 
that  of  their  vapours.  Which  of  these  views  corresponds 
with  the  truth  of  nature,  we  have  now  to  enquire. 

Melloni  examined  the  diathermancy  of  vanous  liquids, 
but  he  employed  for  this  purpose  the  flame  of  an  oil-lamp, 
covered  by  a  glass  chimney.  His  liquids,  moreover,  were 
contained  in  glass  cells;  hence,  the  radiation  was  pro- 
foundly modiiied  before  it  entered  the  liquid  at  all,  ghiss 
being  impervious  to  a  considerable  part  of  the  emission. 
In  the  examination  of  the  question  now  before  us,  it  was 
my  wish  to  interfere  as  little  as  possible  Avith  the  primi- 
tive emission,  and  an  apparatus  was  therefore  devised  in 
which  a  layer  of  liquid,  of  any  thickness,  could  be  enclosed 
between  two  polished  plates  of  rocksalt. 

The  apparatus  consists  of  the  following  j^arts : — a  n  c 
(fig.  A)  is  a  plate  of  brass,  3*4  inches  long,  2*1  inches  wide, 
and  0*3  of  an  inch  thick.  Into  it,  at  its  corners,  are  rig- 
idly fixed  four  upright  pillars,  furaished  at  the  top  with 
screws,  for  the  reception  of  the  nuts  q  r  s  t,  DEFisa 
second  plate  of  brass,  of  the  same  size  as  the  former,  and 
pierced  with  holes  at  its  four  corners,  so  as  to  enable  it  to 
slip  over  the  four  columns  of  the  plate  a  b  c.  Both  these 
plates  are  perforated  by  circular  apertures,  m  n  and  ojr>, 
1-35  inch  in  diameter,     g  n  i  is  a  third  plate  of  brass,  of 
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i  same  area  as  d  e  f,  and,  like  it,  having  its  centre 
3  its  eoraera  perforated.    The  plate  q  h  i  is  intended  lo 


Htnite  the  two  plates  of  rocksalt  wluch  are  to  form  tlie 

8  of  the  cell,  and  its  tbieknesa  dotcnuineB  that  of  tlio 

1  layer.    Tlie  separating  plate  a  e  i  was  ground  with 

■g  ntiaost  accuraey,  and  the  surfacea  of  the  plates  of  ealt 

)  polished  with  extreme  care,  with  a  view  to  rendei^ 

bg  tlie  contact  between  the  salt  and  the  brass  water-tight, 

B  practice,  however,  it  was  foand  necessary  to  introduce 

whera  of  thin  lolter-paper  lietwecn  the  plates  of  salt  and 

0  separating  plate. 

In  arranging  the  cell  for  experiment,  the  nuts  ^  re  t 
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are  unscrewed,  and  a  washer  of  india-rubber  is  first  pla 
on  A  B  c.    On  tliis  washer  is  placed  one  of  the  plates  o 

rocksalt.    On  the  plate  of  rocksalt  is  laid  tlic  washer  o 
letter-paper,  and  on  this  agam-  the  sc]>aratiTig  plate  g  b 

Fio.  B. 


A  second  washer  of  paper  is  jilaced  on  this  plaMI 
coinos  the  soeond  plate  of  salt,  on  wliich  another  indi 
rubber  washer  ia  laid.  The  plate  d  e  p  is  finally  slippt 
over  the  columns,  and  the  whole  arrangement  b  tigbtla 
screwed  together  by  the  vntsq rat.  Tliua,  when  thl 
plates  of  roclcfialt  are  in  position,  a  cylinder,  as  loog  OS  tl 
plate  o  H  1  ia  lliiak,  is  eiitloBed  between  them,  wid  tlili 
space  can  be  filled  with  any  liquid  throiigli  the  orifice  4 


PLATTNTM  LAMP.  427 

The  use  of  the  india-rabber  washers  is  to  relieve  the  crush. 
ing  pressare  which  would  be  applied  to  the  plates  of  salt, 
if  they  were  in  actual  contact  with  the  brass ;  and  the  use 
of  the  paper  washers  is,  as  already  explained,  to  render 
the  cell  liquid-tight.  After  each  experiment,  the  appa- 
ratus is  unscrewed,  the  plates  of  salt  are  removed  and 
thoroughly  cleansed ;  the  cell  is  then  remounted,  and  in 
two  or  three  minutes  all  is  ready  for  a  new  experiment. 

My  next  necessity  was  a  perfectly  steady  source  of 
heat,  of  sufficient  intensity  to  penetrate  the  most  absorb- 
ent of  the  liquids  to  be  subjected  to  examination.  This 
was  found  in  a  spiral  of  platinum  wire,  rendered  incandes- 
cent by  an  electric  current.  The  frequent  use  of  this 
source  led  to  the  construction  of  the  lamp  shown  in  ^g,  B. 
A  is  a  globe  of  glass  three  inches  in  diameter,  fixed  upon 
a  stand,  which  can  be  raised  and  lowered.  At  the  top  of 
the  globe  is  an  opening,  into  which  a  cork  is  fitted,  and 
through  the  cork  pass  two  wires,  the  ends  of  which  are 
united  by  the  platinum  spiral  8.  The  wires  are  carried 
down  to  the  binding  screws  a  b,  which  are  fixed  in  the 
foot  of  the  stand,  so  that  when  the  instrument  is  attached 
to  the  battery,  no  strain  is  ever  exerted  on  the  wires  which 
carry  the  spiral  The  ends  of  the  thick  wire  to  which  the 
spiral  is  attached  are  also  of  stout  platinum,  for  when  it 
was  attached  to  copper  wires  unsteadiness  was  introduced 
through  oxidation.  The  heat  issues  from  the  incandescent 
spiral  by  the  opening  ef,  which  is  an  inch  and  a  half  in 
diameter.  Behind  the  spiral,  finally,  is  a  metallic  reflector, 
r,  which  augments  the  flux  of  heat  without  sensibly  chang- 
ing its  quality.  In'  the  open  air  the  red-hot  spiral  is  a 
capricious  source  of  heat,  but  surrounded  by  its  glass 
globe  its  steadiness  is  admirable. 

The  whole  experimental  arrangement  will  be  imme- 
diately understood  from  the  sketch  given  in  ^g,  C.  a  is 
the  platinum  lamp  just  described,  heated  by  a  current 
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from  a  Grove's  battery  of  five  cells.  It  is  necessary  tbat 
this  lamp  should  remain  perfectly  constant  throughout  the 
day ;  and  to  keep  it  so,  a  tangent  galvanometer  and  a 
rheocord  are  introduced  into  the  circuit. 

In  front  of  the  spiral,  and  with  an  interior  reflecting 
surface,  is  the  tube  b,  through  which  the  heat  passes  to 
the  rocksalt  cell  c.  This  cell  is  placed  on  a  little  stage, 
soldered  to  the  back  of  the  perforated  screen  s  s',  so  that 
the  heat,  after  having  crossed  the  cell,  passes  through  the 
bole  in  the  screen,  and  afterwards  impinges  on  the  thermo- 
electric pile  p.  The  pile  is  placed  at  some  distance  from 
the  screen  s  s',  so  as  to  render  the  temperature  of  the  cell 
c  itself  of  no  account,  c'  is  the  compensating  cube,  con- 
taining water  kept  boiling  by  steam  from  the  pipe  p.  Be- 
tween the  cube  c'  and  the  pile  p  is  the  screen  q,  which 
regulates  the  amount  of  heat  falling  on  the  posterior  face 
of  the  pile.  The  whole  arrangement  is  here  exposed,  but, 
in  practice,  the  pile  p  and  the  cube  c'  are  carefully  pro- 
tected from  the  capricious  action  of  the  surrounding  air. 

The  experiments  are  thus  performed.  The  empty 
rocksalt  cell  c  being  placed  on  its  stage,  a  double  silvered 
screen  (not  shown  in  the  figure)  is  first  introduced  be- 
tween the  end  of  the  tube  b  and  the  cell  c ;  the  spiral 
being  thus  totally  cut  off,  and  the  pile  subjected  to  the 
action  of  the  cube  o'  alone.  By  means  of  the  screen  q, 
the  heat  received  by  the  pile  from  c,  is  reduced  until  the 
total  heat  to  be  adopted  throughout  the  series  of  experi- 
ments is  obtained :  say,  that  it  is  sufficient  to  produce  a 
galvanometric  deflection  of  60  degrees.  The  double  screen 
used  to  intercept  the  radiation  from  the  spiral  is  then 
gradually  withdrawn,  until  this  radiation  completely  neu- 
tralises that  from  the  cube  c',  and  the  needle  of  the 
galvanometer  points  steadily  to  zero.  The  position  of 
the  double  screens,  once  fixed,  remains  subsequently  un- 
changed, the  slight  and  slow  alteration  of  the  source  being 
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neutralised  by  the  rheocori  Thus,  the  rays  in  the  first 
instance  pass  from  the  spiral  through  the  empty  rocksalt 
cell  A  small  funnel,  supported  by  a  suitable  stand,  dips 
into  the  aperture  which  leads  into  tlie  cell,  and  through 
this  the  liquid  is  poured.  The  introduction  of  the  liquid 
destroys  the  previous  equilibrium,  tlie  galvanometer  needle 
moves,  and  linally  assumes  a  steady  deflection.  From 
this  deflection  we  can  immediately  calculate  the  quantity 
of  heat  absorbed  by  the  liquid,  and  express  it  in  hun- 
dredths of  the  entire  radiation. 

The  experiments  were  executed  with  eleven  different 
liquids,  employing  each  liquid  in  five  different  thicknesses. 
The  results  are  collected  together  in  the  following  table : — 

Absorption  op  Heat  by  Liquids.    Source  of  IIeat:  Platinum  Spiiul 
raised  to  briant  redness  bt  a  voltaic  current. 


Thickness  of  llqaid  in  parts  of  an  Inch. 

Liquid 

002 

0-04 

1 

0*07 
12-5 

014 

0-27 

Biriiilpliidc  of  carbon     . 

6-5 

8-4 

15-2 

17-3 

Chloroform    . 

16-6 

26-0 

35-0 

400 

44-8 

Iodide  of  methyl 

»6-l 

40-5 

53-2 

65-2 

68-6 

Iodide  of  ethyl 

38-2 

CO-7 

59-0 

69-0 

71-5 

Hcnzol  . 

» 

43-4 

55-7 

62-5 

71-5 

73-6 

Aiidvonc 

1 

58-3 

t>5-2 

73-6 

77-7 

82-8 

Sulphuric  ether 

» 

63-3 

73-5 

70-1 

78-6 

85-2 

Acetic  ether  . 

» 

— 

74-0 

78-0 

820 

86-1 

Formic  ether 

• 

65-2 

76-3 

790 

84-0 

87-0 

Alcohol 

C7-3 

78-G 

83-0 

85-3 

89-1 

Water  . 

t 

80-7 

801 

88-8 

91-0 

91-0 

Here,  for  a  thickness  of  0*02  of  an  inch  we  find  the 
absoq)tion  varying  from  a  minimum  of  5*5  per  cent,  in  the 
case  of  bisulphide  of  carbon,  to  a  maximum  of  80*7  per 
cent,  in  the  case  of  Avater.  The  bisulphide  therefore  trans- 
mits 94*5  per  cent.,  while  the  water — a  liquid  equally 
transparent  to  light — transmits  only  19'3  per  cent,  of  the 
entire  radiation.     At  all  thicknesses,  water,  it  will  be  ob- 
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served,  assorts  its  predominance.  Next  to  it,  as  an  ab- 
sorbent, stands  alcohol ;  a  body  which  also  resembles  it 
chemically. 

As  liqnids,  then,  those  bodies  are  shown  to  possess 
very  different  capacities  of  intercepting  the  heat  emitted 
by  our  radiating  source ;  and  we  have  next  to  enquire 
whether  these  differences  continue,  after  the  molecules 
have  been  released  from  the  bond  of  cohesion.  We  must, 
of  course,  test  the  vapours  by  waves  of  the  same  period 
as  those  applied  to  the  liquids,  and  this  our  mode  of  ex- 
periment renders  easy  of  accomplishment.  The  heat  gen- 
erated in  a  wire  by  a  current  of  a  given  strength  being 
invariable,  it  was  only  necessary,  by  means  of  tlie  tangent 
compass  and  rheocord,  to  keep  the  current  constant  from 
day  to  day,  in  order  to  obtain,  both  as  regards  quantity 
and  quality,  an  invariable  source  of  heat. 

The  liquids  fi*om  which  the  vapours  were  derived  were 
placed  in  small  long  flasks,  a  separate  flask  being  devoted 
to  each.  The  air  above  the  liquid,  and  within  it,  being 
first  carefully  removed  by  an  air-pump,  the  flask  was  at- 
tached to  the  experimental  tube,  in  which  the  vapours 
were  to  be  examined.  This  tube  was  of  brass,  49*0  inches 
long,  and  2*4  inches  in  diameter,  its  two  ends  being 
stopped  by  plates  of  rocksalt.  Its  interior  surface  was 
polished.  With  the  single  exception  that  the  source  of 
beat  was  a  red-hot  platinum  spiiTtl,  instead  of  a  plate  of 
copper^  the  arrangement  was  that  figured  in  Plate  L  At 
the  commencement  of  each  experiment,  the  brass  tube 
being  thoroughly  exhausted,  and  the  radiation  from  the 
spiral  being  neutralised  by  that  from  the  compensating 
cube,  the  needle  stood  at  zero.  Tlie  cock  of  the  flask  con- 
taining the  volatile  liquid  was  then  carefully  turned  on, 
and  the  vapour  allowed  slowly  to  enter  the  experimental 
tube.  When  a  pressure  of  0*6  of  an  inch  was  obtained, 
the  vapour  was  cut  off,  and  the  permanent  deflection  of 
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the  needle  noted.  Knowing  the  total  heat,  the  absorp- 
tion in  lOOths  of  the  entire  radiation  could  be  at  once  de- 
duced from  the  deflection.  The  following  table  contains 
the  results : — 

Radiation  or  Heat  nmouoH  Yapoubs.    Source  :  BKD-nor  Platinuic 
Spiral.    Pbessube,  0*6  of  an  Inch. 

Absorption  per  cent. 


Bisulphide  of  carbon 

4-7 

Chloroform  .            .            .            . 

6-5 

Iodide  of  methyl 

9-6 

Iodide  of  ethyl 

.      11-1 

Benzol 

20-6 

Amyleno       .            .           .            , 

215 

Alcohol 

28-1 

Formic  ether 

81-4 

Sulphuric  ether 

.       31-9 

Acetic  ether .            .            .            , 

.       34-6 

Total  heat    .            .            .            , 

.     100-0 

We  arc  now  in  a  condition  to  compare  the  action  of  a 
series  of  volatile  liquids,  with  that  of  the  vapours  of  those 
liquids,  upon  radiant  heat. 

Commencing  with  the  substance  of  the  lowest  absorp- 
tive energy,  and  proceeding  to  the  highest,  we  have  the 
following  orders  of  absoq)tion : — 


Liquids 
Bisulphide  of  carbon. 
Chloroform. 
Iodide  of  methyl. 
Iodide  of  ethyl. 
Benzol. 
Amylone. 
Sulphuric  ether. 
Acetic  ether. 
Formic  ether. 
Alcohol. 
Water. 


Vopours 
Bisulphide  of  carbon. 
Chloroform. 
Iodide  of  methyl. 
Iodide  of  ethyl. 
Benzol. 
Amylene. 
Alcohol. 
Formic  ether. 
Sulphuric  other. 
Acetic  ether. 
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Here,  as  far  as  amylene,  the  order  of  absorption  is  the 
same  for  both  liquids  and  vapours.  But  from  amylene 
downwards,  though  strong  liquid  absorption  is,  in  a  gen- 
eral way,  paralleled  by  strong  vapour  absorption,  the 
order  of  both  is  not  the  same.  There  is  not  the  slightest 
doubt  that,  next  to  water,  alcohol  is  the  most  powerful 
absorber  in  the  list  of  liquids ;  but  there  is  just  as  little 
doubt  that  the  position  which  it  occupies  in  the  list  of 
vapours  is  the  correct  one.  This  has  been  established  by 
reiterated  experiments.  Acetic  ether,  on  the  other  hand, 
though  certainly  the  most  energetic  absorber  in  the  state 
of  vapour,  falls  behind  both  formic  ether  and  alcohol  in 
the  liquid  state.  Still,  on  the  whole,  I  think  it  is  impossi- 
ble to  contemplate  these  results,  without  arriving  at  the 
conclusion  that  the  act  of  absorption  is,  in  the  main,  molec- 
xdar^  and  that  the  molecules  maintain  their  power  as 
absorbers  and  radiators  when  they  change  their  state  of 
aggregation.  Should  any  doubt,  however,  linger  as  to 
the  correctness  of  this  conclusion,  it  will  speedily  disap- 
pear. 

A  moment's  reflection  will  show  that  the  comparison 
here  instituted  is  not  a  strict  one.  We  have  taken  the 
liquids  at  a  common  thickness,  and  the  vapours  at  a  com- 
mon volume  and  pressure.  But  if  the  layers  of  liquid 
employed  were  turned,  bodily,  into  vapour,  the  volumes 
obtained  would  not  be  the  same.  Hence,  the  quantities 
of  matter  traversed  by  the  radiant  heat  are  neither  equal 
nor  proportional  to  each  other  in  the  two  cases,  and  to 
render  the  comparison  strict,  they  ought  to  be  propor- 
tional. It  is  easy,  of  course,  to  make  them  so ;  for  the 
liquids  being  examined  at  a  constant  volume,  their  spe- 
cific gravities  give  us  the  relative  quantities  of  matter 
traversed  by  the  radiant  heat,  and  from  these,  and  the 
vapour-densities,  we  can  immediately  deduce  the  corre- 
sponding volumes  of  the  vapour.     Dividing,  in  fact,  the 

19 
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specific  gravities  of  our  liquids  by  the  densities  of  their 
vapours,  we  obtain  the  following  series  of  vapour  vol- 
umes, whose  weights  are  proportional  to  the  masses  of 
liquid  employed : — 


Table  of  Phopostional  Volumes. 

t 

Bisulphide  of  carbon    . 

* 

0*48 

Chloroform 

. 

0-36 

Iodide  of  methyl 

• 

0-46 

Iodide  of  ethyl 

. 

0-86 

Benzol  .... 

1           . 

0-82 

Amylene 

I           . 

0-26 

Alcohol 

>            . 

0-60 

Sulphuric  ether 

t           • 

0-28 

Formic  ether     . 

•            . 

0-86 

Acetic  ether 

■            • 

0-29 

Water   . 

•            • 

1-CO 

Introducing  the  vapours,  in  the  volumes  here  indicated, 
into  the  experimental  tube,  the  following  results  were  ob- 
tained : — 

Radiation  of  Heat  TaROuon  Vapofrs.    Quantity  op  Vapour  PRoroR- 

TIONAL  TO  THAT  OF  LiQUID. 


Name  of  Vapour 

Frcssnre  In  ports 
of  an  inch 

AlifiorpHon 
percent. 

Bisulphide  of  carbon 

.     0-48 

4-3 

Chloroform  . 

.     0-86 

6-6 

Iodide  of  methyl 

.     0-4G 

10-2 

Iodide  of  ethyl 

.     0-36 

15-4 

Benzol 

.     0-32 

16-8 

Amylene 

.     0-26 

19-0 

Sulphuric  ether 

.    0-28 

21-5 

Acetic  ether 

.     0-29 

22-2 

Formic  ether 

.     0-30 

22-6 

Alcohol 

.     0-50 

22-7 

Arranging  both  liquids  and  vapours  in  tlic  order  of 
their  absorption,  we  now  obtain  the  following  result : — 
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LiqiiidB 
Bisulphide  of  carboxu 
Chloroform. 
Iodide  of  methyl. 
Iodide  of  ethyl 
BenzoL 
Amylenc. 
Sulphuric  other. 
Acetic  ether. 
Formic  ether. 
Alcohol 
Water. 


YApourt 
Bisulphide  of  carbon 
Chloroform. 
Iodide  of  methyl. 
Iodide  of  ethyl. 
Benzol. 
Amylene. 
Sulphuric  ether. 
Acetic  ether. 
Formic  ether. 
Alcohol. 


Here  the  discrepancies  revealed  by  our  former  senes 
of  experiments  entirely  disappear,  and  it  is  proved  that 
for  heat  of  the  same  quality,  the  order  of  absorption  for 
liquids  and  their  vapours  is  the  same.  We  may,  there- 
fore, safely  infer  that  the  position  of  a  vapour,  as  an  ab- 
sorber or  radiator,  is  determined  by  that  of  the  liquid 
from  which  it  is  derived.  Granting  the  validity  of  tliis 
inference,  the  position  of  water  fixes  that  of  aqiteous  va- 
pow.  But  we  have  found  that,  for  all  thicknesses,  water 
exceeds  the  other  liquids  in  the  energy  of  its  absorption. 
Hence,  if  no  single  experiment  on  the  vapour  of  water 
existed,  we  should  be  compelled  to  conclude,  from  the  de- 
portment of  its  liquid,  that,  weight  for  weight,  aqueous 
vapour  transcends  all  othei-s  in  absorptive  power.  Add 
to  this  the  direct  and  multiplied  experiments,  by  which 
the  action  of  this  substance  on  radiant  heat  has  been  es- 
tablished, and  we  have  before  us  a  body  of  evidence  suffi- 
cient, I  trust,  to  set  this  question  for  ever  at  rest,  and  to 
induce  the  meteorologist  to  apply  the  result,  without  mis- 
giving, to  the  phenomena  of  his  science. 

We  must  now  prepare  the  way  for  the  consideration 
of  an  important  question,     A  pendulum  swings  at  a  cer- 

*  Aqueous  vapour,  unmixed  with  air,  condenses  so  readily  that  it  can- 
not be  directly  examined  in  our  experimental  tube. 
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tain  definite  rate,  which  depends  upon  the  length  of  tiff 
pendulum.  A  spring  vill  oscillate  at  a  rate  which  de- 
pends upon  the  weight  and  elastic  force  of  the  spring.  If 
we  coil  wire  iuto  a  long  spiral,  and  attach  a  bullet  to  the 
end,  the  ballet  will  oscillate  up  and  down,  at  a  rate  whicll 
depends  upon  its  weight,  and  upon  the  elasticity  of  the 
spiral.  A  musical  string,  in  like  manner,  has  its  determi- 
nate rate  of  vibration,  which  depends  upon  its  length, 
weight,  and  tension.  A  beam  which  bridgea  a  gorge  has 
also  its  own  rate  of  oscillation ;  and  we  can  often,  by 
timing  our  movements  on  such  a  beam,  so  acGumtilate  the 
impulses  as  to  endauger  ita  safety.  Soldiers,  in  crossing 
pontoon  bridges,  tread  irregularly,  lest  the  motion  im- 
parted to  the  pontoons  should  accamulate  to  a  dangerous 
extent.  The  step  of  persons  who  carry  water  on  t 
heads  in  open  pails  sometimes  coincides  with  the  oscilla- 
tion of  the  water  from  side  to  eide  of  tlie  vessel,  until, 
pulse  being  added  to  impulse,  the  liquid  finally  splashes 
over  tlie  rim.  The  water  carrier  instinctively  altera  step, 
and  thus  reduces  the  liquid  to  comparative  tranquillity. 
These  ordinary  mechanical  facts  will  help  ua  to  an  insight 
of  the  more  subtle  phenomena  of  light  and  radiant  Iieat, 
You  have  heard  a  particular  pane  of  glass  respond  to  a 
particular  note  of  an  organ ;  if  you  open  a  piano,  and  sing 
into  it,  some  one  string  will  also  respond.  Now,  in  tlie 
case  of  the  organ  the  pane  responds,  because  its  period  of 
vibration  happens  to  coincide  with  the  period  of  the  80- 
DorouB  waves  that  impinge  upon  it ;  and  m  the  case  of  tbe 
piano,  that  string  responds  whoso  period  of  vibration  co- 
incides with  the  period  of  the  vocal  chords  of  the  sioger. 
In  each  case,  there  is  an  accumulation  of  the  eflect,  ritni- 
lar  to  that  observed  when  you  stand  upon  a  plank-bridge, 
and  time  your  impulses  to  iK  rate  of  vibration.  In  the 
case  of  the  singing  flame  already  referred  to,  you  had  tha 
iofluencG  of  period  exemplified  in  a  very  striking  manner. 


ACOOSD  AND  DI8C0BD  OF  YIBEATING  PEBIODS.        437 

It  responded  to  the  voice,  only  when  the  pitch  of  the  voice 
corresponded  to  its  own.  A  higher  and  a  lower  note  were 
equally  ineffective  to  put  the  flame  in  motion. 

I  have  shown  you  the  transparency  of  lampblack,  and 
the  far  more  wonderful  transparency  of  iodine,  to  the 
purely  thermal  rays ;  and  we  have  now  to  enquire  why 
iodine  stops  light  and  allows  heat  to  pass.  The  sole  dif- 
ference between  light  and  radiant  heat  is  one  of  period. 
The  waves  of  the  one  are  short  and  of  rapid  recurrence, 
while  those  of  the  other  are  long,  and  of  slow  recurrence. 
The  former  are  intercepted  by  the  iodine,  and  the  latter 
are  allowed  to  pass.  Why  ?  Tliere  can,  I  think,  be  only 
one  answer  to  this  question — that  the  intercepted  waves 
are  those  whose  periods  coincide  with  the  periods  of  os- 
cillation possible  to  the  atoms  of  the  dissolved  iodine. 
The  waves  transfer  their  motion  to  the  molecules  which 
synchronise  with  them.  Supposing  waves  of  any  period 
to  impinge  upon  an  assemblage  of  molecules  of  any  other 
period,  it  is,  I  think,  physically  certain  that  a  tremor  of 
greater  or  less  intensity  will  be  set  up  among  the  mole- 
cules ;  but  for  the  motion  to  accumulate^  so  as  to  produce 
sensible  absorption,  coincidence  of  period  is  necessary. 
Briefly  defined, '  therefore,  transparency  is  synonymous 
Avith  {fwcorcf,  while  opacity  is  synonymous  with  accord^ 
between  the  periods  of  the  waves  of  ether  and  those  of 
the  molecules  of  the  body  on  which  they  impinge.  Tlie 
opacity,  then,  of  our  solution  of  iodine  to  light  shows  that 
its  atoms  are  competent  to  vibrate  in  all  periods  which  lie 
within  the  limits  of  the  visible  spectrum ;  while  its  trans- 
pai^ency  to  the  extra-red  undulations  demonstrates  the  in- 
competency of  its  atoms  to  vibrate  in  unison  with  the 
longer  waves. 

The  term  *  quality,*  as  applied  to  radiant  heat,  has 
been  already  defined;  the  ordinary  test  of  quality  being 
the  power  of  radiant  heat  to  pass  through  diathermio 
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bodies.  If  the  beat  of  two  beams  be  traDsmlltcil  by  tbS 
edfsatue  substance  in  difibreul  proportione,  the  two  boams 
arc  said  to  bo  of  different  qualities.  Strictly  spealdng^ 
this  qncsttou  of  quality  ia  one  of  period ;  and  if  tb«  heat 
of  one  source  be  more  or  le)<s  copiously  transmitted  than 
the  lieat  of  another  source,  it  is  because  tlie  waves  of  ether 
excited  by  the  one  are  different  ia  length  and  period  from 
those  excited  by  the  other.  Wlien  we  raise  the  tempera- 
ture of  our  platinum  spiral,  wo  alter  the  quality  of  ita 
heat.  As  the  tempemtore  is  raised,  shorter  aud  fiver 
shorter  waves  mingle  in  the  radiation.  Dr.  Draper,  in  a 
very  beautiful  investigation,  has  ahowa  that  when  plati- 
num first  appears  luminous,  it  emits  only  red  rays;  bat 
as  its  temperature  augments,  orange,  yellow,  and  groea. 
are  sueccsMvely  added  to  the  radiation;  and  when  the 
platinum  is  so  intensely  heated  as  to  emit  white  light,  tho 
decomposition  of  that  light  gives  all  tbo  colours  of  the 
solar  spectra  m. 

Almost  all  the  vapours  which  wo  have  hitherto  exam- 
ined are  transparent  to  light,  while  all  of  them  are,  in 
some  degree,  opaque  to  obscure  rays.  This  proves  iha 
incompetence  of  the  molecules  of  these  vapours  to  vibrate 
in  ^dsnal  periods,  and  their  competence  to  vibrate  in  the 
slower  periods  of  tiie  waves  which  fall  beyond  the  red  of 
the  spectrum.  Conceive,  then,  out  jilatinum  spiral  to  ba 
gradually  raised  from  a  state  of  obscure  to  a  state  of  li»- 
mmoua  heat;  tho  change  would  manifestly  tend  to  pro- 
duce discord  between  the  radiating  platinum  and  tho 
molecules  of  our  vapours.  And  the  higher  we  raiso  the 
temperature  of  our  platinum,  the  more  decided  will  be  tho 
discord.  On  d priori  grounds,  then,  we  should  infer,  that 
the  raising  of  the  temperature  ol'  the  platinum  spiial 
ought  to  augment  tho  power  of  its  rays  to  pass  throngh 
our  list  of  vapours.  This  conclusion  is  entirely  reriSed. 
by  the  esperimcnts  recorded  in  the  following  tables ; 
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lUoiinQH  THBOUcm  Yafoubs.    Sourcx  of  Hkat  :  Flatinitm  Spi&al 

BABKLT  TI8IBLK  IN  TIIE  DARK. 


NameofVipoor 

Abflotption  per  oent. 

BiBulphide  of  ciurbon    . 

.       6-6 

Chloroform 

.  •    9-1 

Iodide  of  methyl 

.     12-6 

Iodide  of  ethyl 

,            .    21-0 

Benzol  . 

.     26-4 

Amylene 

.    86-8 

Sulphuric  ether 

'.    43-4 

Formic  ether     .       *    . 

.    46-2 

Acetic  ether  . 

.     49-6 

With  the  same  platinum  spiral  raised  to  a  white  heat, 
the  following  results  were  obtained : — 


ADIATION  TTTROUGH  VaPOUBS. 

Source 

OP  Ueat  :  WniTB-HOT 

Platinum  Spiral 

• 

Name  of  Vapour 

Absorption  per  cent. 

Bisulphide  of  carbon     . 

.       2-9 

Chloroform 

56 

Iodide  of  methyl 

1'S 

Iodide  of  ethyl 

12-8 

Benzol  . 

.     16-6 

Amylene 

.     22-6 

Formic  ether     . 

,     261 

Sulphuric  ether 

26-9 

Acetic  ether 

, 

.     27-2 

With  the  same  spiral,  brought  still  nearer  to  its  point 
of  fusion,  the  following  results  were  obtained  with  four  of 
the  vapours : — 

BAoiAnoN  THROUGH  Yapours.    Source  :  Platinum  Spiral  at  an 

INTENSE  White  Heat. 

Name  of  Vaponr  Absorptloi: 

Bisulphide  of  carbon    .  .  .2-6 

Chloroform       .  .  .  .8-9 

Formic  ether     ....    21*8 
Sulphuric  ether  .  .  .    23*7 
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Placing  the  results  obtained  with  the  respective  Boorces 
side  by  side,  the  influence  of  temperature  on  the  trans- 
mission comes  out  in  a  very  decided  manner: — 

Absorption  of  Heat  bt  Yapoubs. 


Nattio  of  Vapour 

Source :  Platinam  Spiral 

• 

Barely  ylsiblo 

,  Bright  red    White-hot 

Noarfkision 

Bisulphide  of  carbon 

.       6-6 

4-7               29 

2-5 

Chloroform 

.9-1 

6-8              5-6 

3-9 

Iodide  of  methyl 

.     12-6 

,      9-6              IS 

Iodide  of  ethyl    . 

.     21-3 

lY-7           12-8 

Benzol 

.     20-4 

20-6            16-5 

Amylcne 

.     35-8 

27-6            22-7 

- 

Sulphuric  ether  . 

.     43-4 

81-4            25-9 

23-7 

Formic  ether 

.     46-2 

81-9            25-1 

21-8 

Acetic  ether 

.     49-6 

34-6            27-2 

The  gradual  augmentation  of  penetrative  power,  as  the 
temperature  is  augmented,  is  here  very  manifest.  By 
raising  the  spiral  from  a  barely  visible  to  an  intense  white 
heat,  we  reduce  the  absorption,  in  the  case  of  bisulphide 
of  carbon  and  chloroform,  to  less  than  one-half.  At  barely 
visible  redness,  moreover,  5G'6  and  54*8  per  cent,  pass 
through  sulphuric  and  formic  ether  respectively ;  while  of 
the  intensely  white-hot  spiral,  76*3  and  78*7  per  cent,  pass 
through  the  same  A'apours.*  Thus,  by  augmenting  the 
temperature  of  the  solid  platinum,  we  introduce  into  the 
radiation  waves  of  shorter  period,  which,  being  in  discord 
with  the  ])eriods  of  tlic  vapours,  pass  more  easily  through 
them. 

Running  the  eye  along  the  numbers  whicli  express  the 
absori)tions  of  suli)huric  and  formic  ether  in  tlie  last  table, 
we  find  that,  for  tlie  lowest  heat,  the  absorption  of  the 
latter  exceeds  that  of  the  fonner ;  for  a  briglit  red  heat 
they  are  nearly  equal,  but  the  formic  still  retains  a  slight 
predominance;  at  a  white  heat,  however,  the  sulphuric 

•  The  transmission  is  found  by  subtracting  the  absorption  from  100. 
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slips  in  advance,  and  at  the  heat  near  fusion  its  predomi- 
nance is  decided.  I  have  tested  this  result  in  various 
ways,  and  by  multiplied  experiments,  and  placed  it  be- 
yond doubt.  We  may  at  once  infer  from  it  that  the  ca- 
pacity of  the  molecule  of  formic  ether  to  enter  into  rapid 
vibration  is  less  than  that  of  sulphuric,  and  thus  we  ob- 
tain a  glimpse  of  the  inner  character  of  these  bodies.  By 
augmenting  the  temperature  of  the  spiral,  we  produce 
vibrations  of  quicker  periods,  and  the  more  of  these  that 
are  introduced,  the  more  opaque,  in  comparison  with 
formic  ether,  does  sulphuric  ether  become.  The  atom  of 
oxygen  which  formic  ether  possesses,  in  excess  of  sul- 
phuric, renders  it  more  sluggish  as  a  vibrator.  Experi- 
ments made  with  a  source  of  100°  C,  establish  more  de- 
cidedly the  preponderance  of  tbe  formic  ether  for  vibra- 
tions of  slow  period.    , 

Radution  through  Yapoubs.    Source  :  Lssue^s  Cube,  coated  with 
*  Lampblack.    Temperature,  212"*  Fahr. 
Name  of  Vapoiir  Absorption  per  cent 


Iodide  of  methyl 

,       18-8 

Chloroform   . 

.       21-6 

Iodide  of  ethyl 

29-0 

Benzol          .           .           .           . 

84-5 

Amylcne       .            .           .            . 

471 

Sulphario  ether 

641 

Formic  ether 

60-4 

Acetic  ether .            .           .           . 

69-9 

For  heat  issuing  from  this  source,  the  absorption  by  formic 

ether  is  6 '3  per  cent,  in  excess  of  that  by  sulphuric. 

But  in  this  table  we  notice  another  case  of  reversal. 

In  all  the  experiments  with  the  platinum  spiral  thus  far 

recorded,  chloroform  showed  itself  less  energetic,  as  an 

absorber,  than  iodide  of  methyl;   but  here  chloroform 

shows  itself  to  bo  decidedly  the  more  powerful  of  the  two. 

This  result  has  been  placed  beyond  doubt,  by  repeated 

19« 
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experiments.  To  the  radiation  emitted  by  lampblack, 
heated  to  212°,  chloroform  is  certainly  more  opaqne  than 
iodide  of  methyL 

We  have  hitherto  occupied  ourselves  with  the  radia- 
tion from  heated  solids :  I  will  now  pass  on  to  the  exami- 
nation of  the  radiation  from  flames.  The  first  experi- 
ments were  made  with  a  steady  jet  of  gas,  issuing  from  a 
small  circular  burner,  the  flame  being  long  and  tapering. 
The  top  and  bottom  of  the  flame  were  excluded,  and  its 
most  brilliant  portion  was  chosen  as  the  source.  The  fol- 
lowing results  were  obtained : 

Radiation  of  Heat  through  Vapours.    Source  :  a  nioiiLT  luminous 


Jet 

orGAa 

Namo  of  Vapour 

Absorption 

Whito-hot  Spiral 

Bisulphide  of  carbon 

.       9-8 

2-9 

Cliloroforin 

• 

.     12-0 

5-6 

Iodide  of  methyl 

• 

.     16-6 

7-8 

Iodide  of  ethyl 

.     19-5 

12-8 

Benzol 

• 

.     220 

16-5 

Amylenc 

« 

.     30-2 

22-7 

Formic  ether     . 

• 

.     34-6 

26-9 

Sulphuric  ether 

• 

.     36Y 

*  251 

Acetic  ether 

• 

.     38-7 

27-2 

It  is  interesting  to  compare  the  heat  emitted  by  the 
wbite-hot  carbon  with  that  emitted  by  the  white-hot  plati- 
num ;  and  to  facilitate  the  comparison,  I  have  placed  be- 
side the  results  given  in  the  last  table  those  recorded  in  a 
former  one.  The  emission  from  the  flame  is  thus  proved 
to  be  far  more  powerfully  absorbed  than  the  emission  from 
the  spiral.  Doubtless,  however,  the  carbon,  in  reaching 
incandescence,  passes  through  lower  stages  of  temperature, 
and  in  those  stacjes  emits  heat  more  in  accord  with  our 
vapours.  It  is  also  mixed  with  the  vapour  of  water  and 
carbonic  acid,  both  of  which  contribute  their  quota  to  the 
total  radiation.     It  is  therefore  probable  that  the  greater 
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absorption  of  the  heat  emitted  by  the  flame  is  dae  to  the 
slower  periods  of  the  substances,  which  are  unavoidably- 
mixed  with  the  white-hot  carbon  to  which  the  flame  mainly 
owes  its  light. 

The  next  source  of  heat  employed  was  the  flame  of  a 
Bunsen's  burner,*  the  temperature  of  which  is  known  to 
be  very  high.  The  flame  was  of  a  pale-blue  colour,  and 
emitted  a  very  feeble  light.  The  following  results  were 
obtained : — ■ 

Radiation  or  Heat  through  Yapoubs.    Sourcs  :  Pale-blue  Flame  or 

BuNSEK^s  Burner. 
Name  of  Vapour  AbftorpUon 

Chlorofonn 6*2 

Bisulphide  of  carbon    .        .        .        .11*1 

Iodide  of  ethyl 14*0 

Benzol         .        .        .        .   *    .        .     17*9 

Amjlene 24*2 

Solphuric  ether 81*9 

Formic  ether        .        .        .        *        .    33*3 
Acetic  ether 36*3 

The  total  heat  radiated  from  the  flame  of  Bunsen's 
burner  is  miich  less  than  that  radiated  when  the  incandes- 
cent carbon  is  present  in  the  flame.  The  moment  the  air 
is  permitted  to  mix  with  the  luminous  flame,  the  radiation 
falls  so  considerably,  that  the  diminution  is  at  once  de- 
tected, even  by  the  hand  or  face  brought  near  the  flame. 
Comparing  the  two  last  tables,  we  see  that  the  radiation 
from  the  Bunsen's  burner  is,  on  the  whole,  less  powerfully 
absorbed  than  that  from  the  luminous  gas  jet.  In  some 
cases,  as  in  that  of  formic  ether,  they  come  very  close  to 
each  other;  in  the  case  of  amylene,  and  a  few  other  sub- 
stances, they  difier  more  markedly.  But  an  extremely 
interesting  case  of  reversal  here  shows  itself.  Bisulphide 
of  carbon,  instead  of  being  first,  stands  decidedly  below 

*  Described  in  Lecture  11. 
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chloroform.  With  the  laminous  jet,  the  absorption  of  bi- 
sulphide of  carbon  is  to  that  of  chloroform  as  100:122, 
while  with  the  flame  of  Bunsen's  burner  the  ratio  is 
100:50;  the  removal  of  the  lampblack  from  the  flame 
more  than  doubles  the  relative  transparency  of  the  chloro- 
form. We  have  here,  moreover,  another  instance  of  the 
reversal  of  formic  and  sulphuric  ether.  For  the  luminous 
jet,  the  sulphuric  ether  is  decidedly  the  more  opaque ;  for 
the  flame  of  Buusen's  burner,  it  is  excelled  in  opacity  by 
the  formic. 

The  main  radiating  bodies  in  the  flame  of  a  Bunsen's 
burner,  are,  no  doubt,  aqueous  vapour  and  carbonic  acid. 
Highly  heated  nitrogen  is  also  present,  which  may  pro- 
duce a  sensible  effect.  But  the  main  source  of  the  radia- 
tion is,  no  doubt,  the  aqueous  vapour  and  the  carbonic 
acid.  I  wislicd  to  separate  these  two  constituents,  and  to 
study  thcra  separately.  The  radiation  of  aqueous  vapour 
could  be  obtained  from  a  flame  of  pure  hydrogen,  while 
that  of  carbonic  acid  could  be  obtained  from  an  ignited  jet 
of  carbonic  oxide.  To  me  the  radiation  from  the  hydro- 
gen flame  possessed  a  peculiar  interest ;  for  notwithstand- 
ing the  high  temperature  of  such  a  flame,  I  thought  it 
likely  that  the  accord  between  its  periods  of  vibration  and 
those  of  the  cool  aqueous  vapour  of  the  atmosphere  woidd 
still  be  such  as  to  cause  the  atmospheric  vapour  to  exert  a 
special  absorbent  power  upon  the  radiation.  The  follow- 
ing experiments  test  this  surmise : — 

Radiation  throcgh  Atmospheric  Air.    Source  :  a  Hyprogen  Flame. 

Absorption 
Dry  air 0 

Undried  air 17*2 

Tims,  in  a  polished  tube  4  feet  long,  the  aqueous  vapour 
of  our  laboratory  air  absorbed  17  per  cent,  of  the  radiation 
from  the  hydrogen  flame.     A  platinum  spiral,  raised  by 
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electricity  to  a  degree  of  incandescence  not  greater  than 
that  obtainable  by  plunging  a  wire  into  the  hydrogen 
flame,  being  used  as  a  source  of  heat,  the  undried  air  of 
the  laboratory  was  found  to  absorb 

6*8  per  cent. 

of  its  radiation,  or  one-third  of  the  quantity  absorbed  in 
the  case  of  the  flame  of  hydrogen. 

The  plunging  of  a  spiral  of  platinum  wire  into  the 
flame  reduces  its  temperature ;  but  at  the  same  time  intro- 
duces vibrations,  which  arc  not  in  accord  with  those  of 
aqueous  vapour;  the  absorption,  by  ordinary  undried  air, 
of  heat  emitted  by  this  composite  source  amounted  to 

8*6  per  cent. 

On  humid  days,  the  absorption  of  the  rays  emitted  by  a 
hydrogen  flame  exceeds  even  the  above  large  figure.  Em- 
ploying the  same  experimental  tube  and  a  new  burner,  the 
experiments  were  repeated  some  days  subsequently,  with 
the  following  result : — 

Radiation  THBOUon  Am.    Source  :  Htpbooen  Flame. 

Absorption 

Dry  air 0 

Undried  air 20*3 

The  physical  causes  of  transparency  and  opacity  have 
been  already  pointed  out;  and  we  may  infer  from  the 
foregoing  powerful  action  of  atmospheric  vapour  on  the 
radiation  from  the  hydrogen  flame,  that  accord  reigns  be- 
tween the  oscillating  molecules  of  the  flame  at  a  temper- 
ature of  5898°  Fahr.,  and  the  molecules  of  aqueous  vapour 
at  a  temperature  of  60®  Fahr.  The  enormous  temperature 
of  the  hydrogen  flame  increases  the  amplitude  but  docs 
not  change  the  rate  of  oscillation. 

We  must  devote  a  moment's  attention,  in  passing,  to 
the  word  *  amplitude '  here  employed.    The  pitch  of  a  note 
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depends  solely  on  the  number  of  al'iial  vavea  vlih 
Btriko  tbe  ear  in  a  bccoihI.  Tlie  loudness,  or  inlen*Uy,  a 
a  note  does  not  at  all  depend  upon  the  ntpidily  wil 
which  the  wavcB  follow  each  other,  but  on  ttu  distam 
within  whicft  the  separate  atoms  of  air  vibrate.  Thia  di 
tanco  ia  called  the  amplitude  of  the  vibmlion.  \Vlicn  n 
pull  a  harp-string  very  gently  aside,  and  let  it  go,  it  di 
tnrbs  the  air  but  little ;  the  amplitude  of  the  vibratin 
air-atoms  is  small,  and  the  intensity  of  the  eound  feebl 
But  if  we  pull  the  string  vigorouBly  aside,  on  letting 
go,  we  have  a  note  of  the  same  pitch  ns  before,  bat,  aa  t) 
amplitude  of  vibration  is  greater,  the  sound  is  more  ii 
tense  While,  then,  the  wave-length,  or  period  of  pccn 
reucc,  is  independent  of  the  amplitude,  it  is  tliis  latt< 
which  di:terminca  the  londucss  of  the  sound. 

The  same  holds  good  for  light  and  radiant  heat,  Uei 
the  individual  ether  particles  vibrate  to  and  fro  across  th 
line  of  propagation ;  and  the  extent  of  thoir  eicuraio 
called  the  amplitude  of  the  ■I'ibration,  We  may,  as  in 
ease  of  sound,  have  the  same  wave-length  with  very 
li^rent  amplitudes,  or,  as  in  the  case  of  water,  we  ma; 
have  high  waves  and  low  waves,  with  the  same  di»taDC 
between  crest  and  crest.  Now,  while  the  colour  of  Ughi 
and  the  quality  of  radiant  beat,  depend  entirely  djmd  til 
length  of  the  ethereal  w&vcs,  the  iuten&ity  of  the  Ugli 
and  heat  is  determined  by  the  amplitude.  And,  inasmua 
as  it  has  been  shown,  that  the  periods  of  %'ibration  of 
hydrogen  flame  coincide  with  those  of  cool  aqaeoas  v| 
Ijour,  we  are  compelled  to  conclude  that  the  cnormoD 
temperature  of  the  flame  ia  not  due  to  the  rapidity,  lial  1 
the  extraordinary  amptitudo  of  its  molecular  vibration. 

"ITie  otlier  component  of  the  flame  of  Uuuaen's  bnnu 
ia  carbonic  acid,  and  the  radiation  of  this  substance  is  in 
mediately  obtained  from  a  flame  of  carbonic  oxide.  0 
the  radiatiou  from  ihia  sonrco,  the  small  amount  of  cal 
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bonic  acid  diffused  in  the  air  of  our  laboratory  absorbed 
13*8  per  cent.  This  high  absorption  proves  that  the  vibra- 
tions of  the  molecules  of  carbonic  acid,  within  the  flame, 
are  synchronous  with  the  vibrations  of  those  of  the  car- 
bonic acid  of  the  atmosphere.  The  temperature  of  the 
flame,  however,  is  6608°  Fahr.,  while  that  of  the  atmos- 
phere is  only  60°.  But  if  the  high  temperature  is  incom- 
petent to  change  the  rate  of  oscillation,  we  may  expect 
carbonic  acid,  when  used  in  large  quantities,  to  be  highly 
opaque  to  the  radiation  from  the  carbonic  oxide  flame. 
Here  follow  the  results  of  experiments  executed  to  test 
this  conclusion : — 


Radiation  Tn&ouon  drt  Carboihc  Acid. 

Source:  Carbonic 

Oxide  Flame. 

Proesare  in  inches 

Absorption 

10 

48-0 

2-0 

66-5 

8-0 

60-3 

4-0 

65-1 

6-0 

68-6 

10-0 

74-3 

For  tne  rays  emanating  from  the  heated  solids  employed 
in  our  former  researches,  carbonic  acid  proved  to  be  one 
of  the  most  feeble  absorbers ;  but  here,  when  the  waves 
sent  into  it  emanate  from  molecules  of  its  own  substance, 
its  absorbent  ener<xv  is  enormous.  The  thirtieth  of  an 
atmosphere  of  the  gas  cuts  off  half  the  entire  radiation ; 
while  at  a  pressure  of  4  inches,  65  per  cent,  of  the  radia- 
tion is  intercepted. 

The  energy  of  olefiant  gas,  both  as  an  absorbent  and 
a  radiant,  is  now  well  known.  For  the  solid  sources  of 
heat  just  referred  to,  its  power  is  incomparably  greater 
than  that  of  carbonic  acid ;  but  for  the  radiation  from  the 
carbonic  oxide  flame,  the  power  of  olefiant  gas  is  feeble, 
when  compared  with  that  of  carbonic  acid.  This  is  proved 
by  the  experiments  recorded  in  the  following  table : — 
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Udiation  thbouoh  dbt  OuEnAHT  Gas. 

Source:  Cabbok 

Oxide  Flame. 

Froaaore  in  inches 

Absorption 

lYom  last  Table 

10 

28-2 

48-0 

2-0 

82-Y 

65-5 

3-0 

44-0 

60-8 

4-0 

60-6 

661 

6-0 

651 

68-6 

10-0 

66-6 

74-8 

Beside  the  absorption  by  olefiant  gas,  I  have  placed 
tlmt  by  carbonic  acid  derived  from  the  last  table.  The 
superior  power  of  the  acid  is  most  decided  in  the  smaller 
pressures ;  at  a  pressure  of  an  inch  it  is  twice  that  of  the 
olefiant  gas.  The  substances  approach  each  other  more 
closely,  as  the  quantity  of  gas  augments.  Here,  in  fact, 
both  of  them  approach  perfect  opacity,  and  as  they  draw 
near  to  this  common  limit,  their  absorptions,  as  a  matter 
of  course,  approximate. 

These  experiments  prove  that  the  presence  of  an  infin- 
itesimal quantity  of  carbonic  acid  gas  might  be  detected, 
by  its  action  on  the  rays  emitted  by  a  carbonic  oxide 
flame.  The  action,  for  example,  of  the  carbonic  acid  ex- 
pired by  the  lungs  is  very  decided.  An  india-rubber  bag 
was  filled  from  the  lungs ;  it  contained,  therefore,  both  the 
aqueous  vapour  and  the  carbonic  acid  of  the  breath.  The 
air  from  the  bag  was  then  conducted  through  a  drying 
apparatus,  the  moisture  being  thus  removed,  and  the 
neutral  air  and  active  carbonic  acid  permitted  to  enter 
the  experimental  tube.  The  following  results  were  ob- 
tained : — 

Air  from  toe  Lungs  coxtainino  C  Oa.  Source  :  Cardonic  Oxide 

Flame. 

Preesure  in  Inches  Ab»orption 

1  120 


8 
6 

so 


25*0 
83-3 
60-0 
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Thus,  the  tube  filled  with  the  dry  exhalation  from  the 
luDgs  intercepted  60  per  cent,  of  the  entire  radiation  from 
a  carbonic  oxide  flame.  It  is  quite  manifest  that  we  have 
here  a  means  of  testing,  with  surpassing  delicacy,  the 
amount  of  carbonic  acid  emitted  under  various  circum- 
stances from  the  lungs. 

The  application  of  radiant  heat  to  the  determination 
of  the  carbonic  acid  of  the  breath  has  been  illustrated,  by 
a  series  of  experiments,  executed  under  my  direction  by 
my  assistant,  Mr.  Barrett,  The  deflection  produced  by 
the  breath,  freed  from  its  moisture,  but  retaining  its  car- 
bonic acid,  was  first  determined.  Carbonic  acid,  artifi- 
cially prepared,  was  then  mixed  with  perfectly  dry  air,  in 
such  proportions  that  its  action  upon  the  radiant  heat  was 
the  same  as  that  of  the  carbonic  acid  of  the  breath.  The 
percentage  of  the  former  being  known,  immediately  gave 
that  of  the  latter.  I  here  give  the  results  of  three  chemi- 
cal analyses,  determined  by  Dr.  Frankland,  as  compared 
with  three  physical  analyses  performed  by  my  assistant : — 


*P£BCENTAGE  OF  CARnONIC  AciD  IN  EUMAN  BREATH. 

By  chemical  analysis 

By  cLemlcal  analysis 

4-311 

4  00 

4-66 

4-56 

6-83 

6-22 

The  agreement  between  the  results  is  very  fair.  Doubt- 
less, with  greater  practice  a  closer  agreement  will  be  at- 
tained. We  shall  thus  find,  in  the  quantity  of  ethereal 
motion  which  it  is  competent  to  destroy,  an  accurate  and 
practical  measure  for  the  amount  of  carbonic  acid  expired 
from  the  human  lungs. 

Water  at  moderate  thickness  is  a  very  transparent  sub- 
stance ;  that  is  to  say,  the  periods  of  its  molecules  are  in 
discord  with  those  of  the  visible  spectrum.  It  is  also 
highly  transparent  to  the  extra-violet  rays ;  so  that  we 
may  safely  infer  from  the  deportment  of  this  substance, 
its  incompetence  to  enter  into  rapid  molecular  vibration. 
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"WTion,  however,  tvo  once  qnit  the  visible  Bpectrom  for  tl 
raya.bcyoiid  the  rcdj  the  opacity  of  the  subatance  hegii 
to  show  itself;  for  Biich,  rays,  indeed,  its  absorbont  ytowt 
is  UDcqualted.  Th?  Bynchroaiam  of  the  periods  of  Qt 
water  niolcoulea  with  those  of  the  eitra-red  waves  is  ths 
demonstrated.  Wo  liave  already  seen  that  nndried  a 
niospherlo  air  manifests  an  extraordinary  opacity  for  th 
radiation  from  a  hydrogen  flame,  and  from  this  Jcpor 
meat  we  inferred  the  Bynchronism  of  the  cold  vapour  fi 
tho  air,  and  the  hot  vapoar  of  the  flame.  But  if  tho  p 
riods  of  a  vapoor  be  the  Bame  ns  ttioac  of  ita  liquid,  v 
ought  to  find  water  highly  opaque  to  the  radiation  fVom 
hydrogen  Hame.  Here  are  the  results  obtained  with  fiv 
difl'crent  thicknesses  of  tho  liquid : — 

Radiation  n 


0'i»  lD«b     U-Ot  incli      U-OT  iDili      O'U  Incb      V3T  li 

TnummiaBion  per  cent.    6'a  2'8  I'l  U'O  O-O 

Through  a  layer  of  water  0-36  of  an  incli  thick,  Mi 
loni  found  a  transmission  of  11  per  cenU  of  the  heat  of; 
Argand  lamp.  Here  we  t-mploy  a  source  of  liighcr 
peratnre,  and  a  layer  of  water  only  0*27  of  au  inch,  an 
find  the  whole  of  the  heat  inlercejited.  A  layer  of  wats 
0'27  of  an  inch  in  Ihiokneas  is  perfectly  opaqnc  to  the  n 
diation  from  a  hydrogen  flame,  while  a  layer  about  oni 
tcmtli  of  the  thickness  employed  by  HcIIoni,  cuts  offmoi 
than  07  per  cent,  of  the  entire  ra<Uation.  Hence,  wo  id&; 
infer  the  coincidence  in  period  between  cold  water  an 
aqneona  vapour  heated  to  a  temperature  of  6888* 
(3229°  C.) 

From  the  opacity  of   water  to  the   radiation 
aqueous  vaponr,  we  may  infer  the  opacity  of  aqueoufl  ' 
poor  to  thu  radiation  from  water,  and  hence  conalade  tl 
the  very  act  of  nocturnal  refrigeration  which  oaosea 
condensation  of  water  on  the  earth's  suri'aoe,  givM  to 
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restrial  radiation  that  particular  character  which  renders 
it  most  liable  to  be  intercepted  by  our  atmosphere,  and 
thus  prevented  from  wasting  itself  in  space. 

This  is  a  point  which  deserves  a  moment's  further  con- 
sideration. I  find  that  olefiant  gas  contained  in  a  polished 
tube  4  feet  long,  absorbs  about  80  per  cent,  of  the  radia- 
tion from  an  obscure  source.  A  layer  of  the  same  gas  2 
inches  thick  absorbs  33  per  cent.,  a  layer  1  inch  thick  ab- 
sorbs 26  per  cent.,  while  a  layer  -j^th  of  an  inch  in  thick- 
ness absorbs  2  per  cent,  of  the  radiation.  Thus  the  ab- 
sorption increases,  and  the  quantity  transmitted  dimin- 
ishes, as  the  thickness  of  the  gaseous  layer  is  augmented. 
Let  us  now  consider  for  a  moment  the  effect  upon  the 
earth's  temperature  of  a  shell  of  olefiant  gas,  surrounding 
our  planet  at  a  little  distance  above  its  surface.  The  gas 
would  be  transparent  to  the  solar  rays,  allowing  them, 
without  sensible  hindrance,  to  reach  the  earth.  Here 
however,  the  luminous  heat  of  the  sun  would  be  converted 
into  non-luminous  terrestrial  heat ;  at  least  26  per  cent,  of 
this  heat  would  be  intercepted  by  a  layer  of  gas  one  inch 
thick,  and  in  great  part  returned  to  the  earth.  Under 
such  a  canopy,  trifling  as  it  may  appear,  and  perfectly 
transparent  to  the  eye,  the  earth's  surface  would  be  main- 
tained at  a  stifling  temperature. 

A  few  years  ago,  a  work  possessing  great  charms  of 
style  and  ingenuity  of  reasoning,  was  written  to  prove 
that  the  more  distant  planets  of  our  system  are  uninhab- 
itable. Applying  the  law  of  inverse  squares  to  their  dis- 
tances from  the  sun,  the  diminution  of  temperature  was 
found  to  be  so  great,  as  to  preclude  the  possibility  of 
human  life  in  the  more  remote  members  of  the  solar  sys- 
tem. But  in  those  calculations  the  influence  of  an  atmos- 
pheric envelope  was  overlooked,  and  this  omission  vitiated 
the  entire  argument.  It  is  perfectly  possible  to  find  an 
atmosphere  which  would  act  the  part  of  a  harh  to  the 
Bolar  rays,  permitting  their  entrance  towards  the  planet, 
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but  preventing  their  withdrawal.  For  example,  a  layer 
of  air  two  inches  in  thickness,  and  saturated  with  the 
vapour  of  sulphuric  ether,  would  offer  very  little  resist- 
ance to  the  passage  of  the  solar  rays,  but  I  find  that  it 
would  cut  off  fully  35  per  cent,  of  the  planetary  radiation. 
It  would  require  no  inordinate  thickening  of  the  layer  of 
vapour  to  double  this  absorption ;  and  it  is  perfectly  evi- 
dent that,  with  a  protecting  envelope  of  this  kind,  per 
mitting  the  heat  to  enter,  but  preventing  its  escape,  a 
comfortable  temperature  might  be  obtained  on  the  surface 
of  our  most  distant  planet. 

Dr.  Akin  was  the  first  to  maintain  the  opinion,  which 
I  hold  to  be  correct,  that  the  vibrating  periods  of  a  hy- 
drogen flame  must  be  extra  red ;  and  that  consequently, 
when  a  platinum  wire  is  plunged  into  a  hydrogen  flame 
and  rendered  white-hot,  its  oscillating  periods  must  be  dit- 
ferent  from  those  of  the  flame  to  which  it  owes  its  incan- 
descence. We  have,  in  this  case,  a  conversion  of  un visual 
periods  into  visual  ones.  This  shortening  of  the  periods 
must  augment  the  discord  between  the  radiating  source 
and  our  series  of  liquids,  whose  periods  are  long,  and 
hence  augment  their  transparency  to  the  radiation.  This 
conclusion  is  verified  by  the  following  experiments : — 

Radiation  through  Liquids.    Sources  :  1.  Hydrogen  Flahe  ;  2. 
IIydrogen  Flame  and  Platinum  Spiral. 

Transmission 

Tc«,r,«  «f  T <o«<,i   Tlilrlinoss  of  liquid  0-04  inch :     Thickness  of  liquid  OiYJ  inch : 
isamo  or  i^iquia  yj.^^^  ^^,^,  y^.^^^,  ^^^  gp^^^     Flame  only.  I-lame  and  spinJ. 

10-4:  86-0 

50-7  69-0 

26-2  86-2 

24-2  32-6 

17-9  28-8 

12-4  24-3 

8-1  22-0 

6-6  18-6 

6-8  12-3 

2-0  6-4 


Bisiilpliide  of  carbon  77'7 

87-2 

Clilorofbrui     . 

54-0 

72-8 

Iodide  of  methyl 

31-0 

42-4 

Iodide  of  ethyl 

30-3 

30-8 

Benzol   . 

24-1 

32-6 

Amylene 

14-9 

25-8 

Sulphuric  ether 

13-1 

22-0 

Acetic  other  . 

10-1 

18-3 

Alcohol 

9-4 

14-7 

Water    . 

3-2 

7-6 
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The  traDsmission  is  here  shown  to  be  considerably  aug- 
mented by  the  introduction  of  the  platinum  wire. 

And  here  we  find  ourselves  in  a  position  to  offer  solu- 
tions of  various  facts,  which  have  hitherto  stood  out  as 
enigmas  in  researches  upon  radiant  heat.  It  was  for  a 
time  generally  supposed  that  the  power  of  heat  to  pene- 
trate diathermic  substances  augmented  as  the  temperature 
of  the  source  became  more  elevated.  Knoblauch  con- 
tended against  this  notion,  showing  that  the  heat  emitted 
by  a  platinum  wire  plunged  in  an  alcohol  flame  was  less 
absorbed,  by  ccfrtain  diathermic  substances,  than  the  heat 
of  the  flame  itself,  and  justly  arguing  that  the  tempera- 
ture of  the  spiral  could  not  be  higher  than  tliat  of  the 
body  from  which  it  derived  its  heat.  A  plate  of  trans- 
parent glass  being  introduced  between  his  incandescent 
platinum  spiral  and  his  thermo-electric  pile,  the  deflection 
of  his  needle  fell  from  35°  to  19° ;  while,  when  the  source 
was  the  flame  of  alcohol,  without  the  spiral,  the  deflection 
fell  from  S6°  to  10°.  This  proved  the  radiation  from  the 
flame  to  be  intercepted  more  powerfully  than  that  from 
the  spiral ;  or,  in  other  words,  that  the  heat  emanating 
from  the  body  of  highest  temperature  possessed  the  least 
penetrative  power.  Melloni  afterwards  corroborated  this 
experiment. 

Transparent  glass  allows  the  rays  of  the  visible  spec- 
trum to  pass  freely  through  it ;  but  it  is  well  known  to  be 
highly  opaque  to  the  radiation  from  obscure  sources ;  or  to 
waves  of  long  period.  A  plate  0*1  of  an  inch  thick  inter- 
cepts all  the  rays  from  a  source  of  100°  C,  and  transmits 
only  6  per  cent,  of  the  heat  emitted  by  copper  raised  to 
400°  C.  Now  the  products  of  an  alcohol  flame  are  aqueous 
vapour  and  carbonic  acid,  whose  waves  have  been  proved 
to  be  of  slow  period ;  of  the  particular  character,  conse- 
quently, most  powerfully  intercepted  by  glass.  But  by 
plunging  a  platinum  wire  into  such  a  flame,  we  virtually 
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convert  its  heat  into  heat  of  higher  refrangibility ;  we 
change  the  lor.g  periods  into  shorter  ones,  and  thus  estab- 
lish the  discord  between  the  periods  of  the  soorce  and  the 
periods  of  the  diathermic  glass,  which,  as  before  defined, 
is  the  physical  cause  of  transparency.  On  purely  d  priori 
grounds,  therefore,  we  might  infer  that  the  introduction 
of  the  platinum  spiral  would  augment  the  penetrative 
power  of  the  heat.  With  a  plate  of  glass  Melloni,  in  fiict, 
found  the  following  transmissions  for  the  fiamc  and  the 
spiral : — 

For  the  flamo  For  tho  plAdnum 

41-2  62-8 

The  same  remarks  apply  to  the  transparent  selenite  exam- 
ined by  Melloni.  This  substance  is  highly  opaque  to  the 
extra-rod  undulations ;  but  the  radiation  from  an  alcohol 
flame  is  mainly  extra-red,  and  hence  the  opacity  of  the 
selenite  to  this  radiation.  The  introduction  of  the  plati- 
num S2)iriil  sliortens  the  periods  and  augments  the  trans- 
mission. Thus,  with  a  specimen  of  selenite,  Melloni  found 
the  transmissions  to  be  as  follows : — 

Flamo  Platinum 

4-4  19-5 

So  l:ir  the  results  of  Melloni  coincide  with  those  of  M. 
Knoblauch  ;  but  the  Italian  philosopher  pursues  the  mat- 
ter further,  and  shows  that  M.  Knoblauch's  results,  though 
true  for  the  particular  substances  examined  by  him,  are 
not  true  of  diathermic  media  generally.  Melloni  shows 
that  in  the  case  of  black  glass  and  black  mica,  a  striking 
inversion  of  the  effect  is  observed:  through  these  sub- 
stances the  radiation  from  the  flame  is  more  copiously 
transmitted  than  that  from  the  platinum.  For  black  glass 
he  found  the  following  transmissions; — 

From  the  flamo  From  4be  platinnm 

62-C  42-8 
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And  for  a  plate  of  black  mica  the  following  transmis- 
sions : — 

From  the  flame  From  the  phtinmn  ' 

62-8  62-5 

These  results  were  left  unexplained  by  Melloni,  but 
the  solution  is  now  easy.  The  black  glass  and  the  black 
mica  owe  their  blackness  to  the  carbon  incorporated  in 
them,  and  the  opacity  of  this  substance  to  light,  as  already 
remarked,  proves  the  accord  of  its  vibrating  periods  with 
those  of  the  visible  spectrum.  But  it  has  been  shown  that 
carbon  is,  in  a  considerable  degree,  pervious  to  the  waves 
of  long  period;  that  is  to  say,. to  such  waves  as  are  emit- 
ted  by  a  flame  of  alcohol.  The  case  of  the  carbon  is 
therefore  precisely  antithetical  to  that  of  the  transparent 
glass,  the  former  transmitting  the  heat  of  long  period,  and 
the  latter  that  of  sliort  period  most  freely.  Ilence  it  fol- 
lows that  the  introduction  of  the  platinum  wire,  by  convert- 
ing the  long  periods  of  the  flame  into  short  ones,  augments 
the  transmission  through  the  transparent  glass  and  seleuite, 
and  diminishes  it  through  the  opaque  glass  and  mica. 

NOTE. 

The  following  Appendix  contains  the  last  published  investigation  on 
the  Tisiblo  alid  invisible  rays  emitted  by  various  bodies. 


APPENDIX  TO  LECTURE  Xtt 


ON  LUMINOUS  AND  OBSCURE  RADIATION.* 

Sib  William  IlEnsoiiEL  discovered  the  obscure  rays  of  the  son, 
and  proved  the  position  of  maximum  heat  to  be  beyond  the  red  of 
the  solar  spectrum.t  Forty  years  subsequently  Sir  John  Herschd 
succeeded  in  obtaining  a  thermograph  of  the  calorific  spectrum, 
and  in  giving  striking  visible  evidence  of  its  extension  beyond  the 
reil4  Melloni  proved  that  an  exceedingly  large  proportion  of  tlie 
emission  from  a  flame  of  oil,  of  alcohol,  and  from  incandescent 
platinum  heated  by  a  flame  of  alcohol,  is  obscure.§  Dr.  Akin  in- 
ferred from  the  paucity  of  luminous  rays,  as  evident  to  the  eye, 
and  a  like  paucity  of  extra-violet  rays,  as  proved  by  the  experi- 
ments of  Dr.  Miller,  that  the  radiation  from  a  flame  of  hydrogen 
must  be  mainly  extra-red ;  and  ho  concluded  from  this  that  the 
glowing  of  a  platinum  wire  in  a  hydrogen  flame,  and  also  the 
briglituess  of  the  Drummond  light  in  the  oxyhydrogcn  flame,  were 
produced  by  a  change  in  the  period  of  vibration.]  By  a  difiercnt 
mode  of  reasoning  I  arrived  at  the  same  conclusion  myself,  and 
published  the  conclusion  subsequently.! 

A  direct  experimental  demonstration  of  the  character  of  the 
radiation  from  a  hydrogen  flame  was,  however,  wanting,  and  this 

*  From  the  Philosopbical  Magazine  for  NoTcmbcr  1864. 

f  Phil.  Trans.  1800. 

\  Phil.  Trans.  1840.  I  hope  very  soon  to  be  able  to  turn  my  atten- 
tion to  the  remarkable  results  described  in  Note  III.  of  Sir  J.  Ilerschcra 
paper. 

§  La  ThermochrosCy  p.  304. 

I  Reports  of  the  British  Association,  1SC3. 

«r  Phil.  Trans,  vol.  cliv.  p.  237. 
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want  I  haye  sought  to  snpply.  I  hod  constructed  for  mo,  by  Mr. 
Becker,  lenses  and  prisms  of  rocksolt,  of  a  size  sufficient  to  permit 
of  their  being  substituted  for  the  ordinary  glass  train  of  a  Du- 
boscq's  electric  lamp.  A  double  rocksalt  lens  placed  in  the  cam- 
era rendered  the  rays  parallel;  the  parallel  rays  then  passed 
through  a  slit,  and  a  second  rocksalt  lens,  placed  without  the  cam- 
era, produced,  at  an  appropriate  distance,  an  imago  of  the  slit. 
Behind  this  lens  was  placed  a  rocksalt  prism,  while  laterally  stood 
a  thermo-electrio  pile  intended  to  examine  the  spectrum  produced 
by  the  prism.  Within  the  camera  of  the  electric  lamp  was  placed 
a  burner  with  a  single  aperture,  so  that  the  flame  issuing  from  it 
occupied  the  position  usually  taken  up  by  the  coal-points.  This 
burner  was  connected  with  a  T-piece,  from  which  two  pieces  of 
india-rubber  tubing  were  carried,  the  one  to  a  largo  hydrogen- 
holder,  the  other  to  the  gas-pipe  of  the  laboratory.  It  was  thus 
in  my  power  to  have,  at  will,  either  tlie  gas  flame  or  the  hydrogen 
flame.  When  the  former  was  employed,  I  had  a  visible  spectrum, 
which  enabled  me  to  fix  the  thermo-electric  pile  in  its  proper  posi- 
tion. To  obtain  the  hydrogen  flame,  it  was  only  necessary  to  turn 
on  the  hydrogen  until  it  reached  the  gas  flame  and  was  ignited ; 
then  to  turn  off  the  gas  and  leave  the  hydrogen  flame  behind.  In 
tMs  way,  indeed,  tlie  one  flame  could  be  substituted  for  the  other 
without  opening  the  door  of  the  camera,  or  producing  any  change 
in  the  positions  of  the  instruments. 

The  thermo-electric  pile  employed  is  a  beautiful  instrument 
constructed  by  Ruhmkorff.  It  belongs  to  my  friend  Mr.  Gassiot, 
and  consists  of  a  single  row  of  elements  properly  mounted  and 
attached  to  a  donble  brass  screen.  It  has  in  front  two  silvered 
edges,  which,  by  means  of  a  screw,  can  be  caused  to  close  upon 
the  pile,  so  as  to  render  its  face  as  narrow  as  desirable,  reducing  it 
to  Uie  width  of  the  finest  hair,  or,  indeed,  shutting  it  off  altogether. 
By  means  of  a  small  handle  and  long  screw,  the  plate  of  brass  and 
the  pile  attached  to  it  c^n  be  moved  gently  to  and  fro,  and  thus 
the  vertical  slit  of  the  pile  can  be  caused  to  traverse  the  entire 
spectrum,  or  to  pass  beyond  it  m  both  directions.  The  width  of 
the  spectrum  was  in  each  case  equal  to  the  length  of  the  face  of 
the  pile,  which  was  connected  with  an  extremely  delicate  ^van- 
ometer. 

I  began  with  a  luminous  gas  flame,  the  spectrum  being  cast 
20 
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Dpon  the  brass  screen  (whicli,  to  render  the  C4^0Dra  more  ti 
was  covered  with  tinfoil),  the  pile  was  gradaallj  mor«l  in  ihti 
reution  from  Lluo  to  red,  notil  tlie  defection  of  the  gain 
bectuuo  a  maiimnm.    To  reacli  this  it  was  neceesarji  to  put  m 
tirel;  through  the  Bpoctrum  nnd  bejond  the  red;  tbe  d 
then  observed  was 


When  the  pile  waa  moved  in  dthcr  direction  from  thia  f 
dellcctioD  diminished. 

The  hydrogen  flame  was  now  subHtitnted  for  the  gas  n 
visible  spectrum  disappeared,  and  the  deflection  fell  to 

12°. 

nenoe,  as  regards  raja  of  this  peculiar  refnm^liilit^,  the  emisni 
&om  the  liuninons  gas  flame  was  two  and  a  half  times  that  &< 
the  hydrogen  flame. 

The  pile  was  now  moYcd  to  and  Iro,  tho  roovement  in  both! 
rections  being  accompamed  l>j  a  dimtniahod  deflection.  Tw«t 
degrees,  therefore,  was  the  muximnm  deflection  for  tiielijrdne 
flame;  and  tho  position  of  tbe  pile,  determined  preriooal;  I 
means  of  the  luminoos  flame,  proves  that  tliis  defle«ti<ai  vite  ja 
doced  bj  extra-red  undulations.  I  moved  the  pile  a  littla  ft 
wards,  so  as  to  reduce  the  deflection  from  12°  to  4',  and  llica, 
order  to  ascortaiu  the  refranpLihtj  of  tbe  niya  wldiJi  prodoo 
this  email  deflection,  1  relighted  tho  gas.  Tbe  rectilinear  fic«  i 
tbe  pile  was  found  iuvading  tbe  red.  Wlieu  the  pile  waa  cansed 
pass  sncccssively  through  [leBltions  corresponding  to  tbe  vario 
colours  of  tbe  spectrum,  and  to  its  extra-violet  rajs, 
deflection  waa  produced  by  tbo  hydrogen  flame. 

I  next  placed  the  pile  at  some  distiuce  from  the  inviaiblo  spei 
tram  of  the  flame  of  hydrogen,  and  /dt  for  tbo  spectrDm  by  mm 
ing  the  pile  to  and  fro.  llaviog  fonud  it,  I  without  difficulty  ii 
certdnod  tbe  place  of  maximum  heating.  Cliaitging  notbiog  ela 
I  Eubstitnted  tbe  luminoiiB  flame  for  tbe  nnn-laminons  one;  tbo  pi 
sition  of  tbe  pile,  when  thus  revealed,  was  beyond  the  red. 

It  is  thus  proved  tliat  tho  radiation  from  a  hydrogen  flame 
•en»b1y  extra-red.     Tbo  other  ooDstituent'i  of  tlic  radiation  ore  i 
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feeble  as  to  be  thermally  insensible.  Hence,  when  a  body  is  raised 
to  incandescence  by  a  hydrogen  flame,  the  vibrating  periods  of  its 
atoms  must  be  more  rapid  than  those  to  which  the  radiation  of  the 
flame  itself  is  dne. 

The  falling  of  the  deflection  from  80°  to  12**,  when  the  hydro- 
gen flame  was  substituted  for  the  gas  flame,  is  doubtless  due  to  the 
absence  of  aU  solid  matter  in  the  former.  We  may,  however,  in- 
troduce such  matter,  and  thus  make  the  radiation  originating  in 
the  hydrogen  flame  much  greater  than  that  of  the  gas  flame.  A 
spiral  of  platinum  wire  plunged  in  the  former  gave  a  maximum 
deflection  of 

at  a  time  when  the  maximum  deflection  of  the  gas  flame  was  only 

88^ 

It  is  mainly  by  convection  that  the  hydrogen  flame  disperses  its 
heat:  though  its  temperature  is  higher,  its  sparsely  scattered  mole- 
cules are  not  able  to  cope,  in  radiant  energy,  with  the  solid  carbon 
of  the  luminous  flame.  The  same  is  true  for  the  flame  of  a  Bun- 
sen^s  burner ;  the  moment  the  air  (which  destroys  the  solid  carbon 
particles)  mingles  with  the  gas  flame,  the  radiation  falls  considera- 
bly. Conversely,  a  gusli  of  radiant  heat  accompanies  the  shutting 
out  of  the  air  which  deprives  the  gas  flame  of  its  luminosity. 
Wlien^  therefore,  we  introduce  a  platinum  wire  into  a  hydrogen 
flame,  or  carbon  particles  into  a  Bnnsen^s  flame,  wo  obtain  not  only 
waves  of  a  new  period,  but  also  convert  a  largo  portion,  of  the  heat 
of  convection  into  the  heat  of  radiation. 

The  action  was  still  very  sensible  when  the  distance  of  the  pile 
from  the  red  end  of  the  spectrum,  on  the  one  side,  was  as  great  as 
that  of  the  violet  rays  on  the  other,  the  heat  spectrum  thus  prov- 
ing itself  to  be  at  least  as  long  as  the  light  spectrum. 

Bunsen  and  Kirchhoff  have  proved  that,  for  incandescent  me- 
tallic vai)ours,  the  period  of  vibration  is,  within  wide  limits,  inde- 
pendent of  temperature.  My  own  experiments  with  flames  of  hy- 
drogen and  carbonic  oxide  as  sources,  and  with  cold  aqueous 
vapour  and  cold  carbonic  acid  as  absorbing  media,  point  to  the 
some  conclusion.     But  in  solid  metals  augmented  temperature 
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introdaccs  waves  of  shorter  periods  into  the  radiation.  It  may 
be  asked,  ^  What  becomes  of  the  long  obscure  periods  when  we 
heighten  the  temperature  ?  Are  they  broken  np  or  changed  into 
shorter  ones,  or  do  they  maintiun  themselves  side  by  side  with  the 
new  vibrations? '    The  question  is  worth  an  experimental  answer. 

A  spiral  of  platinum  wire,  suitably  supported,  was  placed 
within  the  camera  of  the  electric  lamp  at  the  place  usually  occu- 
pied by  the  carbon  points.  This  spiral  was  connected  with  a  vol- 
tiuc  battery ;  and  by  varying  the  resistance  to  the  current,  it  was 
possible  to  raise  the  spiral  gradually  from  a  state  of  darkness  to  an 
intense  white  heat.  Raising  it  to  a  white  heat  in  the  first  instance, 
the  rocksalt  train  was  placed  in  the  path  of  its  rays,  and  a  brilliant 
spectrum  was  obtained.  The  pile  was  then  moved  into  the  posi- 
tion of  maximum  heat  beyond  the  red  of  the  spectrum.  Altering 
nothing  but  the  strength  of  the  current,  the  spiral  was  reduced  to 
darkness,  and  lowered  in  temperature  till  the  deflection  of  the  gal- 
vauomotcr  fell  to  1°.  Our  question  is,  'What  becomes  of  the 
waves  which  produce  this  deflection  when  new  ones  are  introduced 
by  augmenting  the  temj)craturo  of  the  spiral  ? ' 

Causing  the  spiral  to  pass  from  this  state  of  darkness,  through 
various  degrees  of  incandescence,  the  following  deflections  were 
obtained : — 


Appoaranco  of  spiral 
Dark       . 
Dark      . 

Deflection  by  obscure  raya 

,  ■     ,      V 

.       0 

Fault  red 

.     10-4 

Dull  red 

.     12-6 

Red         ... 
FuU  red  . 

.     180 

.     27-0 

Bright  red 

.    44-4 

Nearly  white   . 
Full  white 

.     64-3 

.     60-0 

Tlio  deflection  of  GO"  here  obtained  is  equivalent  to  122  of  the 
first  degi-ees  of  the  galvanometer.  Hence  the  intensity  of  tlie  ob- 
scure rays,  in  the  caso  of  tlic  full  white  heat,  is  122  times  that  of 
tho  rays  of  tlie  same  refrangibility  emitted  by  the  dark  spiral  used 
at  the  commencement  Or,  as  the  intensity  is  proportional  to  tho 
square  of  tho  amplitude,  tlie  height  of  the  ethereal  waves  which 
produced  the  last  deflection  was  eleven  times  that  of  tho  waves 
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which  produced  the  first.  The  wave-lengthy  of  course,  remiuned 
the  same  thronghout. 

The  expeijmental  answer,  therefore,  to  the  question  above  pro- 
posed is,  that  the  amplitude  of  the  old  waves  is  augmented  by  the 
same  accession  of  temperature  that  gives  birth  to  the  new  ones. 
The!  case  of  the  obscure  rays  is,  in  fact,  that  of  the  luminous  ones 
(of  the  red  of  the  spectrum,  for  example),  which  glow  with  aug- 
mented intensity,  as  the  temperature  of  the  radiant  source  is  height- 
oied. 

In  my  last  memoir  *  I  demonstrated  the  wonderful  transparency 
of  the  element  iodine  to  the  extra-red  undulations.  A  perfectly 
opaque  solution  of  this  substance  was  obtained  by  dissolving  it  in 
bisulphide  of  carbon ;  and  it  was  shown  in  the  memoir  referred  to, 
that  a  qtiantity  of  iodine,  sufficient  to  quench  the  light  of  oiu*  most 
brilliant  flames,  transmitted  99  per  cent,  of  the  radiation  from  a 
flame  of  hydrogen. 

ilfly  experiments  on  the  radiant  heat  of  a  hydrogen  flame,  re- 
cently executed,  make  the  transmission  of  its  rays,  through  a  quan- 
tity of  iodine  which  is  perfectly  opaque  to  light, 

100  per  cent. 

To  the  radiation  from  a  hydrogen  flame  the  dissolved  iodine  is 
therefore,  according  to  these  experiments,  perfectly  transparent. 

It  is  also  sensibly  transparent  to  the  radiation  from  solid  bodies 
heated  under  incandescence. 

It  is  also  sensibly  transparent  to  the  obscure  rays  emitted  by 
luminous  bodies. 

To  the  mixed  radiation  which  issues  from  solid  bodies  at  a  very 
high  temperature,  the  pure  bisulphide  of  carbon  is  also  eminently 
transparent.  Ilencc,  as  the  bisulphide  of  carbon  interferes  but 
slightly  with  the  obscure  rays  issuing  from  a  highly  luminous 
source,  and  as  the  dissolved  iodine  seems  not  at  all  to  interfere 
with  them,  we  have  in  a  combination  of  both  substances  a  means 
of  almost  entirely  detaching  the  purely  thermal  rays  from  the 
luminous  ones. 

If  vibrations  of  a  long  period,  established  when  the  radiating 
body  is  at  a  low  temperature,  mmntaiu  themselves,  as  before  indi« 

•  PhIL  Trans,  vol  cliv.  p.  827.    PhiL  Mag.,  Dec.  1864. 
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cated,  side  by  side  with  the  now  periods  which  angtnented  temper- 
ature introduces,  it  would  follow,  that  a  body  once  pervious  to  the 
radiation  from  any  source,  must  always  remain  pervious  to  it.  We 
cannot  so  alter  the  character  of  the  radiation,  that  a  body  once  in 
any  measure  transparent  to  it,  shall  become  quite  opaque  to  it 
^Ye  may,  by  augmenting  the  temperature,  diminish  the  percentage 
of  tlie  total  radiation  transmitted  by  the  body ;  but  inasmuch  as 
the  old  vibrations  have  their  amplitudes  enlarged  by  the  very  ac- 
cession of  temperature  which  produces  the  new  ones,  the  total 
quantity  of  heat  of  any  given  refrangibility,  transmitted  by  the 
body,  must  increase  with  increase  of  temperature. 

This  conclusion  is  thus  experimentally  illustrated.  A  cell  with 
parallel  sides  of  polish ed  rocksalt  was  filled  with  the  solution  of 
iodine,  and  placed  in  front  of  the  camera  within  which  was  the 
platinum  spiral  heated  by  a  voltaic  current  Behind  the  rocksalt 
cell  was  placed  an  ordinary  thermo-electric  pile,  to  receive  such 
rays  as  had  i>assed  tlirough  the, solution.  The  rocksalt  lens  was  in 
the  camera  in  front,  but  a  small  sheaf  only  of  the  parallel  beam, 
einerf^ent  from  tlio  lamp,  was  employed.  Commencing  at  a  very 
low  dark  heat,  the  temperature  was  gradually  augmented  to  full 
incaudesceucc  witli  the  following  results: — 


)pcaranco  of  spiral 

Deflection 

Dark       .        .        ,        , 

1^ 

Dark  but  hotter 

.       8 

Dark  but  still  hotter 

5 

Dark  but  still  hotter 

.     10 

Feeble  red      . 

.     19 

Dull  red          .        .        .        . 

.     25 

Ked         .... 

.     35 

Full  red 

45 

Bright  red       .         .         .         . 

53 

Very  bri<^ht  red 

63 

Nearly  white   .        ,        .        . 

69 

White 

16 

Intense  white 

80 

To  the  luminous  rays  from  the  intensely  white  spiral,  the  solu- 
tion was  perfectly  opaque ;  but  though  by  the  introduction  of  such 
rays,  the  transmission,  as  expressed  in  parts  of  tlie  total  radiation, 
was  diminished,   the  quantity  absolutely  transmitted  was  enor- 
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monsly  increased.  The  valao  of  the  last  deflection  is  440  times 
tliat  of  the  first ;  by  raising  therefore  the  platinum  spiral  from  dark- 
ness to  whiteness,  we  augment  the  intensity  of  the  obscure  rays 
which  it  emits  in  the  ratio  of  1 :  440. 

A  rocksalt  cell,  filled  with  the  transparent  bisulphide  of  carbon, 
was  placed  in  front  of  the  camera  which  contmned  the  dazzling 
white-hot  platinum  spiral.  The  transparent  liquid  was  then  drawn 
off  and  its  place  supplied  by  the  solution  of  iodine.  The  defiec- 
tiona  observed  in  the  respectiTC  cases  are  as  follows : — 

Radiation  moH  Whitb-hot  Platinum. 
ThroQgh  transparent  C&i  Through  opaqno  solution 

73-8  Y2-9 

All  the  luminous  rays  passed  through  the  transparent  bisulphide, 
fume  of  them  passed  through  the  solution  of  iodine.  Still  we  sec 
what  a  small  difference  is  produced  by  their  withdrawal.  The 
actual  proportion  of  luminous  to  obscure  rays,  as  calculated  from 
the  above  observations,  may  be  thus  expressed : — 

Dividing  the  radiatUm  from  a  platinum  wire  raised  to  a  daz- 
zling whiteness  Jyy  an  electric  current  into  twenty-four  equal  parts^ 
one  of  those  parts  is  lumirwus^  and  twenty-three  ohscure. 

A  bright  gas  flame  was  substituted  for  the  platinum  spiral,  the 
top  and  bottom  of  the  flame  being  shut  o%  and  its  most  brilliant 
portion  chosen  as  the  source  of  rays.  The  result  of  forty  experi- 
ments with  this  source  may  be  thus  expressed : — 

Dividing  the  radiation  from  the  most  brilliant  portion  of  a 
flame  of  coal  gas  into  twenty-five  equal  parts,  one  of  those  parts  is 
luminous  and  twenty-four  ohscure, 

I  next  examined  the  ratio  of  obscure  to  luminous  rays  in  the 
electric  light.  A  battery  of  ^^y  cells  was  employed,  and  the  rock- 
salt  lens  was  used  to  render  the  rays  from  the  coal  points  parallel. 
To  prevent  the  deflection  from  reaching  an  inconvenient  magni- 
tude, the  parallel  rays  were  caused  to  pass  through  a  circular  aper- 
ture O'l  of  an  inch  in  diameter,  and  were  sent  alternately  through 
the  transparent  bisulphide  and  the  opaque  solution.  It  is  not  easy 
to  obtain  perfect  steadiness  on  the  part  of  the  electric  light ;  but 
three  experiments  carefully  executed  gave  the  following  defloo* 
tions: — 
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RlDIATION    FROM  ElBCIBIC  LxGHT. 

Through 
transparent  CSs 

.     72-0' 
.     76-5 
.     11-6 


Thronidb 
opaqne  tolatiMi 

70-0' 

75-0 

76-6 


Experiment  No.  I. 
EJxperiment  No.  IT. 
Experiment  No.  III.     . 

Calculating  from  tlicso  incasiircments  tbo  proportion  of  lominoos 
to  obscoro  heat,  tlio  result  may  be  thus  expressed : — 

Dividing  the  radiation  from  the  electric  light  emitttd  hy  carbon 
points^  and  excited  hy  a  Grove's  hattery  of  forty  eells^  into  ten 
equal  partSy  one  qf  tho$e  parts  is  luminous  and  nine  obscure. 

The  results  maj  bo  thus  presented  in  a  tabular  form : — 

Radution  through  dissolyed  Iodine.* 


Boarce 

Absorption 

TVansmlseioD 

Dark  spiral 

.       0 

100 

Lampblack  at  212^  Fahr.   . 

0 

100 

Red-hot  spiral    . 

.       0 

100 

Hydrogen  flame 

.       0 

100 

Oil  flame    .... 

.       3 

97 

Gas  flame 

4 

96 

White-hot  spiral 

.       4-6 

951 

Electric  light 

.     10 

90 

Future  experiments  may  slightly  alter  these  results,  but  they 
are  extremely  near  the  truth. 

Having  thus,  in  the  solution  of  iodine,  found  a  means  of  almost 
perfectly  detaching  the  obscure  from  the  luminous  heat-rays  of  any 
source,  we  are  able  to  operate  at  will  upon  the  fonner.  Hero  aro 
some  illustrations : — Tlie  rocksalt  lens  was  so  placed  in  the  camera 
that  the  coal-points  themselves,  and  their  imago  beyond  the  lens, 
were  equally  distant  from  the  latter.  A  battery  of  forty  cells  be- 
ing employed,  the  track  of  the  cone  of  rays  emergent  from  the 
lamp  was  plainly  seen  in  the  air,  and  their  point  of  convergence 
therefore  easily  fixed.  The  cell  containing  the  opaque  solution  was 
now  placed  in  front  of  the  lamp.  The  luminous  cone  was  thereby 
entirely  cut  oflT,  but  the  intolerable  temperature  of  the  focus,  when 
the  hand  was  placed  there,  showed  that  the  calorific  rays  were 

*  In  these  experiments,  the  pure  bi8ul])hide  was  compared  with  tho 
opaque  solution ;  the  transmission  100  means  that  the  same  quantity  of 
heat  passed  through  both.    The  iodine  was,  in  this  case,  transparent. 
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still  transmitted.  Thin  plates  of  tin  and  zinc  were  placed  sncces- 
nvelj  in  the  dark  focns  and  speedily  fused ;  matches  wore  ignited, 
gon-cotton  exploded,  and  brown  paper  set  on  fire.  Employing  the 
iodine  solution  and  a  battery  of  sixty  of  Grovels  cells,  all  these  re- 
solts  were  readily  obt^ed  with  the  ordinary  glass  lenses  of  Dn- 
boscq''s  electric  lamp.  They  cannot,  I  think,  fail  to  give  pleasure  to 
those  who  repeat  the  experiments.  It  is  extremely  interesting  to 
observe  in  the  middle  of  the  air  of  a  perfectly  dark  room  a  piece 
of  black  paper  suddenly  pierced  by  the  invisible  rays,  and  the  burn- 
ing ring  expanding  on  aU  sides  from  the  centre  of  ignition. 

On  the  16th  of  this  month  (November,  1864)  I  made  a  few  ex- 
periments on  solar  light  The  heavens  were  not  free  from  clouds, 
nor  the  London  atmosphere  from  smoke,  and  at  best  I  obtained 
only  a  portion  of  the  action  which  a  clear  day  would  have  given 
me.  I  happened  to  possess  a  hollow  lens,  which  I  filled  with  the 
concentrated  solution  of  iodine.  Placed  in  the  path  of  the  solar 
rays,  a  faint  red  ring  was  imprinted  on  a  sheet  of  white  paper  held 
behind  the  lens,  the  ring  contracting  to'  a  faint  rod  spot  when  the 
focus  of  the  lens  was  reached.  It  was  immediately,  found  that  this 
ring  was  produced  by  the  light  which  had  penetrated  the  thin  rim 
of  the  liquid  lens.  Pasting  a  zone  of  black  paper  round  the  rim, 
the  ring  was  entirely  cut  off  and  no  visible  trace  of  solar  light 
crossed  the  lens.  At  the  focus,  whatever  light  passed  would  be  in- 
tcnafied  nine  hundred  fold ;  still  even  here  no  light  was  visible. 

Not  so,  however  with  the  sun's  obscure  rays ;  the  focus  was 
burning  hot.  A  piece  of  black  paper  placed  there  was  instantly 
pierced  and  set  on  fire ;  and  by  shifting  the  paper,  aperture  after 
aperture  was  formed  in  quick  succession.  Gunpowder  was  also 
exploded.  In  fact  we  had  in  the  focus  of  the  sun's  dark  rays  a 
heat  decidedly  more  powerful  than  that  of  the  electric  light,  simi- 
larly condensed,  and  all  the  efibcts  obtained  with  the  former  could 
bo  obtained  in  an  increased  degree  with  the  latter. 

I  introduced  a  plano-convex  lens  of  glass,  larger  than  the 
opaque  lens  just  referred  to,  into  the  path  of  tlie  sun's  rays.  The 
focus  on  white  paper  was  of  dazzling  brilliancy ;  and  in  this  focus 
the  results  already  described  were  obtfdned.  I  then  introduced  a 
cell  containing  a  solution  of  alum  in  front  of  the  focus.  The  in- 
tensity of  the  ligJU  at  the  'focus  was  not  sensibly  changed ;  still 
these  almost  intolerable  visual  rays,  aided  as  they  were  by  a  con- 
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eidorabb  ijaDittitT  of  inTisiljtu  ruy s  wlikli  hail  aUo  pofsod 

thfl  iLlaiii,  were  iticorapotcnl  lo  produce  i>f&ct«,  which  were  ott* 

tMaed  with  ciisc  in  ibe  perfectly  dark  focni  of  the  opaque  l«a«. 

Thinldug  that  this  r(>dnctian  of  power  might  ho  dno  id  port  to 
the  withdrawn!  of  heat,  by  reflexion,  from  the  aides  of  the 
cell,  1  put  in  ite  plueo  a  rockiuilt  cell  tilled  with  the  opaqno  solntjoit- 
Behind  this  cell  the  tnja  maoifestad  the  power  whidi  th«7  exhib- 
ited in  the  focus  of  the  opaque  lens. 

Uelloni's  oxperimcnti  led  liim  to  condnde  that  rockaalt 
uitd  obaoare  and  louiinoas  rays  equally  woU.  and  that  a  solniion  of 
ttlnm  of  moderate  thicincas  eulirely  intcrcepta  the  invinbia  rayj^ 
whilo  it  alloWB  all  tlie  laminoas  ones  to  posSu  Uctiro  the  dillw- 
cuce  between  the  trnUBinisaloDa  of  roclualt  aod  aloni  ongLt  (u  ^tt 
the  obscpro  radiation.  In  this  wi^  Uelloni  foucd  that  10  por  cent, 
only  of  the  radiation  from  an  oil  Uaine  condeU  uf  luminoos  rays. 
Tho  method  above  employed  proves  thut  tlie  proportion  of  land' 
nous  hent  to  olisonre,  \a  the  case  of  an  oil  6am&,  is  proUoUj 
more  than  onc-Uurd  of  what  Molloui  made  it. 

In  fact  this  distingaiabed  man  clearly  saw  the  posriblo  bii 
racy  of  the  conclnsloo,  that  none  biit  Inndnoos  luya  arc  tranani 
ted  by  alum ;  and  the  foUowing  experiment  Justify  th6  Cttusw  i 
limitation  which  he  attached  to  liis  conctmdon : — 

The  solution  of  iodine  wna  placed  in  fVont  of  the  cloctrie  locn 
the  tntnlnons  raya  boing  thereby  intercepted.    Cdiind  the 
cell  containing  tho  opaijne  Bolntion  was  placed  a  ^am  fdl, 
in  the  first  instance.    The  dcfiection  prodaced  by  the  oboaure  tayi 
which  pasaed  through  both  prodoced  a  deflection  of 

80°. 

The  glass  cell  waa  now  filled  with  u  concontralod  solniion  of  alniD] 
the  deflection  produced  by  the  obscure  rays  pasdng  throiigh  botl 

solntioua  was 

50". 

Calcolating  from  tlie  vnlucH  of  these  defloctiona,  it  wss  ftmnd  Aal 
of  the  ohienrt  lumt  rmergmt  from  tlm  tolation  of  ux/tiw,  80  per 
cmt.  UM  trantmitted  by  tkt  alum. 

A  point  of  very  cunsidcrnhle  importjince  forcos  itself  apan 
atlcDtiou  berf,  namely,  the  vast  prairlicol  difference  wliIvJi  ni^' 
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exist  between  the  two  phrases,  '  obscure  rays,'  and  '  rajs  from  an 
obscure  sooroe.'  Manj  writers  seem  to  regard  these  phrases  as 
equivalent  to  each  other,  and  are  thns  led  into  grave  errors.  A 
stratom  of  alum  solution  ^th  of  an  inch  in  thickness  is,  according 
to  Kelloni,  entirely  opaqne  to  the  radiation  from  all  bodies  heated 
mider  incandescence.  In  the  foregoing  experiments  the  layer  of 
alnm  sdation  traversed  by  the  obscnre  rays  of  onr  lominous  source, 
was  thirty  times  the  thickness  of  the  layer  which  Molloni  found 
sofSoient  to  quench  aU  rays  emanating  from  obscure  sources. 

There  cannot  be  a  doubt  that  the  invisible  rays  which  have 
shown  themselves  competent  to  traverse  such  a  thickness  of  tlie 
most  powerful  adiathermic  liquid  yet  discovered  are  also  able  to 
pass  throng  the  humours  of  the  eye.  The  very  careful  and  inter- 
esting experiments  of  M.  Janssen,*  prove  that  the  humours  of  the 
eye  absorb  an  amount  of  radiant  heat  exactly  equal  to  that  ab- 
sorbed by  a  layer  of  water  of  the  same  thickness,  and  in  our  solu- 
tion the  power  of  alum  is  added  to  that  of  water.  Direct  experi- 
ments on  the  vitreous  humour  of  an  ox  load  me  to  conclude,  that 
one-fifth  of  the  obscure  rays  omitted  by  an  intense  electric  light 
reach  the  retina;  and,  inasmuch  as  in  every  ten  equal  parts  of  the 
radiation  from  an  electric  lamp  nine  consist  of  obscure  rays,  it  fol- 
lows that,  in  the  case  of  the  electric  light,  nearly  two-thirds  of  the 
whole  radiant  energy  which  actually  reaches  the  retina  is  incom- 
petent to  excite  vision.  With  a  white-hot  platinum  spiral  as 
source,  the  mean  of  four  good  experiments  gave  a  transmission  of 
11*7  per  cent  of  the  obscure  heat  of  the  spiral  tlirough  a  layer  of 
distiUed  water  1*2  inch  in  thickness.  A  larger  proportion  no  doubt 
reaches  the  retina.t 

Ck>nverging  the  beam  from  the  electric  lamp  by  a  glass  lens,  I 
placed  the  opaque  solution  of  iodine  before  my  open  eye,  and 
brought  the  eye  into  the  focus  of  obscure  rays.  The  heat  was  im- 
mediately unbearable.  But  it  seemed  to  me  that  the  unpleasant 
effect  was  mainly  due  to  the  action  of  the  obscure  rays  upon  the 
eyelids  and  other  opaque  parts  round  the  eye.  I  therefore  cut^  in 
a  card,  an  aperture  somewhat  larger  than  the  pupil,  and  allowed 
the  concentrated  calorific  beam  to  enter  my  eye  through  this  apcr- 

•  Annaies  de  Chirrue  et  dt  Phytiquey  torn.  Ix.  p.  71. 
f  M.  Franz  has  shown  that  a  portion  of  the  sun's  obscure  rays  reach 
the  retina. 
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tare.  TLe  soQSO  of  hout  entirel;  disappeared.  Not  oulf  were  Uia 
rafs  tbtie  rcoeivM  npon  tbe  retina  iDcoinpctecittiaeicih!vinon,%tit 
tiie  optic  nerve  aeoined  uncoascious  of  tlicir  exusteoo)  even  ta  beat 
What  llie  conaeqncnce  wonUl  hove  been  liwl  I  permittcJ  the  Imtii- 
nona  lliird  of  tlie  oonilonaed  beam  to  enter  my  pye,  I  am  not  pro- 
pared  to  aay,  nor  aboold  I  like  to  make  the  experinieDt. 

Od  &  tolerably  clear  night  a  candie-flaine  con  bo  readily  seen  at 
llie  distance  of  a  milo.  Tlio  intensity  of  the  electric  lipht  used  by 
mo  is  COO  times  tliat  of  a  good  compoeite  candle,  and  as  tbe  ddd- 
lumiuDDS  radiatioQ  from  the  coal-pointa  wMoh  renobes  tbo  retina 
is  equal  to  twice  tbe  liuninons,  it  follows  tbat  at  a  cotmnoo  di»< 
tanco  of  a  foot,  the  energy  of  the  invidUo  ray*  of  the  elvctiio 
light  which  reach  tho  optlo  nerve,  bat  ore  incompetent  to  proKAo 
yyaoB,  is  1,300  tiniea  that  of  the  light  of  a  candle.  Bnt  the  ititcn- 
tfty  of  the  candle's  light  at  the  diBtance  of  a  tuilu  is  less  lium  una 
twenty-millionth  of  its  intensity  at  the  diatanca  of  &  fool;  beooa 
the  energy  which  renders  tlio  candle  perfectly  vitiilile  a  milo  off, 
vonld  have  to  be  multiplied  by  1,300  xSO,000,000,  or  hy  twonty^aix 
thousand  millions,  tg  bring  it  up  to  tho  intensity  of  thai  inTtnUo 
radiation  which  the  retina  receives  from  tho  electric  li^ht  at  a  ftwt 
distance.  Nothing,  t  think,  coald  more  forcibly  illustntte  the  9pt- 
«ial  relationship  which  subsists  between  the  optic  nerve  and  tho 
oscillating  periods  of  Inminons  bodies  The  nerve,  like  a  mnaica] 
string,  responds  to  tho  periods  with  which  it  is  in  acoonlonce,  while 

refosos  to  be  eidted  by  others  of  vastly  greater  energy,  wbidi 

o  not  in  nnison  with  its  own. 
Bj  means  of  the  opaqne  solution  of  iodine,  I  have  nlreadf 
shown  that  the  quantity  of  luminous  heat  emitted  bj  a  bright  red 
platjnum  spiral  is  immeasarobly  smalL"  Here  are  somo  delvrmina- 
tions  since  made,  with  tho  same  sonrco  of  heat  and  a  solatjon  of 
1  in  iodide  of  ethyl,  the  strength  and  thickness  of  tlie  solntjcm 
bwigSDoh  a«  enlirely  to  intercept  the  luminous  rays: — 


ceding  cnro,  and  aD  Om 


ILlPUTlON  Tim* 

Rtthuoi  Pi-jiTiKuu  Srnu:. 

ThrODKh 

uM                Through  oporw  sol 

Xbtae  oxi'orimciiU  were  made  with  cxi 
Pbn.  Trans,  vol.  cliv.  p, 
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conditions  were  fayonrable  to  the  detection  of  the  slightest  differ- 
ence in  the  amount  of  heat  reaching  the  galvanometer ;  still  the 
quantity  of  heat  transmitted  by  the  opaqae  solution  was  found  to 
be  the  same  as  that  transmitted  hj  the  transparent  one.  In  other 
words,  the  luminous  radiation  intercepted  by  the  former,  though 
competent  to  excite  vividly  the  sense  of  vision,  was,  when  ex- 
pressed in  terms  of  actual  energy,  absolutely  immeasurable. 

And  here  we  have  the  solution  of  various  diflSculties  which 
from  time  to  time  have  perplexed  experimenters.  When  we  sec  a 
vivid  light  incompetent  to  afifect  our  most  delicate  thermoscopio 
apparatus,  the  idea  naturally  presents  itself  that  light  and  heat 
must  be  totally  different  things.  The  pure  light  emerging  from  a 
combination  of  water  and  green  glass,  even  when  rendered  intense 
by  concentration,  has,  according  to  Melloni,  no  sensible  heating 
power.*  The  light  of  the  moon  is  also  a  case  in  point.  Concen- 
trated by  a  polyzonal  lens  more  than  a  yard  in  diameter  upon  the 
face  of  his  pile,  it  required  all  Melloni^s  acutcncss  to  nurse  the  cal- 
orific action  up  to  a  measurable  quantity.  Such  experiments,  how- 
ever, demonstrate,  not  that  the  two  agents  are  dissimilar,  but  that 
the  sense  of  vision  can  be  excited  by  an  amount  of  force  almost 
infinitely  smalL 

Here  also  we  are  able  to  offer  a  remark  as  to  the  applicability 
of  radiant  heat  to  fog-signalling.  The  proposition,  in  the  abstract, 
is  a  philosophical  one ;  for  were  our  fogs  of  a  physical  character 
similar  to  that  of  the  iodine  held  in  solution  by  the  bisulphide  of 
carbon,  or  to  that  of  iodine  or  bromine  vapour,  it  would  be  possi- 
ble to  transmit  through  them  powerful  fluxes  of  radiant  heat,  even 
after  the  entire  stoppage  of  the  light  from  our  signal  lamps.  But 
our  fogs  are  not  of  this  character.  They  are  unfortunately  so  con- 
stituted as  to  act  very  destructively  upon  the  purely  calorific  rays ; 
and  this  fact,  taken  in  conjunction  with  the  marvellous  sensitive- 
ness of  the  eye,  leads  to  the  conclusion  that  long  before  the  light 
of  our  signals  ceases  to  be  visible,  their  radiant  heat  has  lost  the 
power  of  affecting,  in  any  sensible  degree,  the  most  delicate  ther- 
moscopio apparatus  that  we  could  apply  to  their  detcction.t 

*  Taylor's  ScienUfic  Memoirs,  vol.  i.  p.  892. 

f  Since  the  publication  of  this  memoir,  I  have  greatly  intensified  the 
effects  produced  by  invisible  rays. 


LECTURE    XIII 

[April  10,  1SC3.J 


r  DAMP  jniospntRE 


— nELuaoLn,  tuuw 


BON,   WMEESION- 


■TX'7"E  have  learned  tbat  onr  atmosphere  is  always  mora 
VV     or  less  eliargccl  witli  aqueous  vapour,  the  coudoiiEa 
lion  of  which  forms  onr  clouds,  hail,  rain,  and  mow. 
have  now  to  direct  your  attention  to  one  particular  case  o 
condensation,  of  great  interest  and  beauty — one,  morvovorfl 
regarding  which  erroneous  notions  were  for  a  long  time  pm^ 
tcrtained.      I  refer   to  the   phenomenon  of  Dew. 
n^ueoua  vapour  of  our  atmosphere  is  a  powerful  radin 
but  it  is  ditTuEcd  through  air  which  usually  exceeds  Hs  owi 
mass  more  tliaii  one  hundred  times.    Not  only,  then,  iu 
own  heat,  but  the  heat  of  the  largo  quantity  of  nir  whici 
surrounds  it,  must  be  discharged  by  the  vapour,  before  ll 
can  sink  to  it-)  point  of  condensation.    The  retardatioa  o 
chilling  duo  to  this  cause  enables  good  solid  radiatora^  i 
the  earth's  surfawi,  tb  outstrip  the  vapour  in  their  speed  V 
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refVigeration ;  and  hence  U|)on  these  bodies  a(]iieou8  vapour 
Bs&j  be  condensed  to  liquid,  or  even  congealed  to  boar- 
ftoBt,  while  at  »  few  feet  nbove  the  surface  it  Btill  main- 
Urns  its  gaseous  state.  This  is  actually  the  case  in  tlio 
beaudful  phenomenon  which  we  liave  now  to  examine. 

We  are  indebted  to  a  London  phyBician  for  a  true 
.theory  of  dew.    In  1818  Dr.  Wella  published  his  admirable 
lay  upon  this  subject.    He  mode  his  experiments  in  n 
garden  in  Surrey,  at  a  distance  of  three  miles  from  Black- 
friars  Biidgc.    To  collect  the  dew  he  used  little  bnndles 
of  wool,  which,  when  dry,  weighed  10  grains  each  ;   and 
baring  exposed  them  during  a  clear  night,  the  amount  of 
dew  deposited  on  them  was  detqrmincd  by  the  augmenta- 
tion of  their  weight,    lie  soon  foimd  th.it  whatever  inter- 
fered with  the  view  of  the  sky  from  his  piece  of  wool,  in- 
terfered also  with  the  deposition  of  dew.    He  supported 
S  board  on  four  props ;  on  the  board  he  laid  one  of  Mb 
'%ool  parccLt,  and  wider  it  a  second  similar  one ;  during  a 
calm  night,  the  former  gained  14  grains  in  weiglit, 
rhile  the  latter  gained  only  4.    He  bent  a  sheut  of  paste- 
ird  like  the  roof  of  a  house,  and  placed  iindemcatb  it  a 
jdle  of  wool  on  the  grass :  by  a  single  night's  exposure 
I  irool  gained  2  grains  in  weight,  nhilo  a  similar  piece 
wool  exposed  on  the  grass,  but  quite  unshaded  by  the 
',  collected  10  grains  of  moisture, 
a  it  steam  from  the  earth,  or  is  it  fine  rain  from  the 
ens,  that  produces  this  deposition  of  dew  ?    Both  of 
notions  have  been  advocated.    That  it  does  not  arise 
ibe  earth  is,  however,  proved  by  the  observation,  that 
moisture  was  collected  on  tlio  propped  board  tluui  on 
)  earth's  surface  under  it.    That  it  is  not  a  fine  rain  is 
ivcd  by  the  fact,  that  the  most  cojiious  deposition  occur- 
on  the  clearest  nighta. 
Dr.  Wells  next  exposed  thermometers,  as  ho  had  done 
wool-bundles,  and  found  that  at  those  ptucea  Khere  the 
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dew  /dl  most  ctqtiowly  the  temperature  sank  loieett.    C 
the  propped  toard  already  referred  to,  lio  found  the  tei 
perature  9^  lower  than  under  il;  beneath  the  pafitebo.i] 
roof  the  tliermomcter  was  10"  warmer  than  on  the  opt 
grass.    He  also  found  that  when  lie  laid  his  thermomcl 
upon  a  grass  plot,  on  a  clear  night,  it  sank  sometiines  1' 
lower  than  a  eimilur  thermometer  suspended  in  free  air  i 
a  height  of  4  feet  above  the  gi-ass,     A  bit  of  cotton,  place 
beside  the  former,  gained  20  grains ;  a  similar  bit,  besid 
tlio  tatter,  only  1 1  giaina  in  weight.     27ie  loioerinff  of  I 
temjierature  and  the  deposition  of  (Ac  (few  leont  htmd 
hand.    Not  only  did  the  shade  of  artificial  screens  int 
fere  with  tlio  lowering  of  the  temperature  and  the  foni 
tiou  of  tho  dew,  but  a  cloudnscreen  acted  in  the  same  m! 
ner,    lie  once  observed  his  thermometer,  which,  as  it  I 
upon  the  grass,  showed  a  temperature  12°  lower  than  t 
air  a  few  feet  above  tho  grass,  rise,  on  the  passage  of  soi 
clouds,  until  it  was  only  2°  colder  than  the  air.   In  fact, 
the  olouds  crossed  his  zenith,  or  disappeared  from  it,  ih 
temperature  of  his  thermometer  rose  and  fell. 

A  series  of  such  experiments,  connived  and  execute! 
with  smgular  cleameBS  and  skill,  enabled  Dr.  Wella  to  pro 
pound  a  Theory  of  Dew,  which  has  stood  the  test  of  al 
subsequent  criticism,  and  is  now  imiveraally  accepted. 

It  is  an  effect  of  chilling  by  radiation.    'The  nppa 
parts  of  tho  grass  radialo  their  heat  into  regions  of  empi 
space,  which,  consequently,  send  no  heat  back  in  return ;  I 
lower  parts,  from  the  smallne&s  of  their  conducting  powe 
transmit  little  of  the  earth's  heat  to  the  upper  parts,  whicl 
at  the  same  time,  receiving  only  a  small  quantity  from  tl 
atmosphere,  and  none  from  any  other  lateral  body,  moi 
remain  colder  than  the  air,  and  condense  into  dew  its  wM 
vapour,  if  this  be  sufficiently  abundant  in  respect  tJi 
decroasod  temperature  of  tho  grass.'     Why  the  vapo 
itself,  being  a  powerful  radiant,  is  not  as  quickly  ch*ill«id 
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llie  grasa,  I  have  already  explained,  on  the  gronnd  that  the 
\  apoiir  has  not  only  its  own  heat  to  discharge,  but  also  that 
..fiho  largo  luasa  of  air  by  which  it  is  surrounded. 

Dew  being  Ihc  reaiilt  of  the  condensation  of  atmo- 
■liriic  vapour,  on  aubstancea  which  have  been  sufficiently 

led  hy  radiation,  and  as  bodies  differ  widely  in  tlieir 

I'liative  powers,  we  may  expect  corresponding  differences 
;  ihc  deposition  of  dew.  This  Wells  proved  to  be  the 
1 .1  ^t^  lie  oflen  saw  dew  copiously  deposited  on  grass  anil 
l>:iinted  wood,  ivhon  none  coidd  be  observed  on  gravel 
walks  adjacent.  He  foimd  plates  of  metal,  which  he  had 
I'XjKJsed,  quite  dry,  wliile  adjacent  bodies  were  covered 
>\  kh  dow :  in  aU  e>ich  cases  the  tcmjierature  of  the  metal 
•riin  found  to  be  M'jher  than  (fiat  of  the  dewed  subatanas. 
'J'liis  is  ijnite  iii  accordance  with  our  knowledge  that  metals 
■-I-  the  worst  radiators.  On  one  occasion  he  placed  a  plate 
t  metal  iijion  grass,  and  ujion  tlie  plate  he  laid  a  glass 
■  imiomotcr;  the  thermometer,  after  eorae  time, exhibited 
I  v.;  while  the  plate  remained  dry.  Tliis  led  him  to  snp- 
[  ■  >se  that  the  instrnmcnt,  though  lying  on  the  plate,  did  not 
ii.are  its  temperature.  He  placed  a  second  thermometer, 
■with  a  gilt  bulb,  beside  the  first ;  the  naked  glass  ther- 
letep — a  good  radiator — remained  9"  colder  than  its 
mpanion.  To  determine  the  tnie  temperature  of  a  body 
I  may  remark,  a  difficult  task :  a  glass  thermometer,  sus- 
led  in  the  tur,  will  not  give  tlie  lemjicrature  of  the  air ; 
I  power  as  a  radiant  or  an  absorbent  comes  into 
On  a  clear  day,  when  the  sun  shines,  the  thcrmom- 
r  will  bo  warmer  than  the  air ;  on  a  clear  night,  on  tho 
ntrary,  the  tliermometer  will  be  colder  than  the  air. 
fe  have  seen  that  the  passage  of  a  cloud  can  rai«o  the 
nperature  of  a  ihermomctcr  10  degrees  in  a  few  mhiutes. 
fl  augmentation,  it  is  manifest,  does  not  indicate  acor- 
mding  augmentation  of  the  temperature  of  tho  air,  but 
18* 
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merely  tlie  interception  and  reflection,  by  the  dond,  of  t1 
rays  of  heat  emitted  by  the  thermometer 

Dr.  WeUs  applied  his  priuciplca  to  the  explanation  od 
mEiny  curious  effects,  and  to  the  con'ection  of  many  popnlai 
errors.    Aloon  blindness  lie  refers  to  the  chill  prodnc«d  bjj 
radiation  into  dear  apace,  the  shining  of  the  moon  beisfl 
merely  an  accompanimeLt  to  the  clearness  of  tfae  atn 
phere.     The  putrefying  influence  ascribed  to  the  mo< 
beams  is  really  due  to  the  deposition  of  moisture,  as  a  k' 
of  deir,  on  the  exposed  animal  eubEtunces.    The  nipptn 
of  tender  plants  by  frost,  even  when  the  wr  of  tho  j 
is  some  degrees  above  the  freezing  temperature,  is  also  t 
be  referred  to  chilling  by  radiation.     A  cobweb  scree 
would  be  sufficient  to  preserve  them  from  injury,* 

Wells  was  the  first  to  explain  the  formation,  ailifidall^ 
of  ice  in  Bengal,  where  tlie  substance  is  never  formed  n 
lu^ly.  Shallow  pits  are  dug,  which  are  partially  1 
with  straw,  and  on  the  straw  flat  pans,  containing  vatef 
which  had  been  boiled,  is  exposed  to  the  clear  flrmamcE 
The  water  is  a  poweful  radiant,  and  sends  off  its  heal 
co]}ionBly  into  space.  The  heat  thus  lost  cannot  be  supplied 
from  the  earth — this  source  being  cut  off  by  the  non-coH 
ducting  straw.  Before  sunrise  a  cake  of  ice  is  formed  i] 
each  vessel.  This  is  the  explanation  of  Wells,  and  it  is,  n 
doubt,  tlie  true  one.  I  think,  however,  it  needs  eupplal 
nicnting.    It  appears,  from  the  description,  tliat  tlie  c 

•  Wilh  refprcnec  lo  Oiia  point  wc  hnvc  llje  fuUowIng  boiiutilld  p: 
in  tho  Eiaay  of  Wells  :—■  I  had  often,  In  the  pride  of  Ijalf  knowleJgc,  a 
nl  tho  means  frcquenllj  cniployt'd  bj  gimlenerB  to  protect  tender  p 
from  cold,  as  it  appeared  to  nc  impoa^ble  (bat  q  thin  mat,  o 
iimaj  aubslance  could  prcirent  them  rrom  atUuning  the  temperatnm  of  ill 
DtmoBplicre,  b;  which  hIoqo  1  thought  them  liahlc  to  be  iiijuretL 
wlien  I  had  learned  limt  bodies  on  the  sutfacc  of  the  earth  become,  i1 
a  bUU  and  Bcrene  night,  colder  than  the  atmosphere,  hy  radiating  tbelr  boil 
to  the  hoaTciii,t  perceived  immediatctf  a  just  reason  Tor  the  ptacUcowl 
I  had  beroro  deemed  useless.' 
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dition  most  suitable  for  the  formation  of  ice,  is  not  only  a 
dear  air,  but  a  dry  air.  The  nights,  says  Sir  Robert 
Barker,  most  favourable  for  the  production  of  ice,  are  those 
which  are  clearest  and  most  serene,  and  in  which  very  little 
dew  appears  after  midnight.  I  have  italicised  a  very  sig- 
nificant phrase.  To  produce  the  ice  in  abundance,  the  at- 
mosphere must  not  only  be  clear,  but  it  must  be  compara- 
tively free  from  aqueous  vapour.  When  the  straw  in 
which  the  pans  were  laid  became  wet,  it  was  always  changed 
for  dry  straw,  and  the  reason  Wells  assigned  for  this  was, 
that  tiie  straw,  by  being  wetted,  was  rendered  more  com- 
pact, and  efficient  as  a  conductor.  This  may  have  been  the 
case,  but  it  is  also  certain  that  the  vapour  rising  from  the 
wet  straw,  and  overspreading  the  pans  like  a  screen,  would 
check  the  chill,  and  retard  the  congelation. 

With  broken  health  Wells  pursued  and  completed  this 
beautiful  investigation ;  and,  on  the  brink  of  the  grave,  ho 
composed  his  Essay.  It  is  a  model  of  wise  enquiry  and  of 
lucid  exposition.  He  made  no  haste,  but  he  took  no  rest 
till  he  had  mastered  his  subject,  looking  steadfastly  into  it 
until  it  became  transparent  to  his  gaze.  Thus  he  solved 
his  problem,  and  stated  its  solution  in  a  fashion  which  ren- 
ders his  work  imperishable.* 

Since  his  time  various  experimenters  have  occupied 
themselves  with  the  question  of  nocturnal  radiation ;  but, 
though  valuable  facts  have  been  accumulated,  if  we  ex- 
cept a  supplement  contributed  by  Mclloni,  nothing  of  im- 
portance has  been  added  to  the  theory  of  Wells.  Mr. 
Glaisher,  M.  Martins,  and  others,  have  occupied  themselves 
with  the  subject.  The  following  table  contains  some  re- 
sults obtained  by  Mr.  Glaisher,  by  exposing  thermometers 
at  difierent  heights  above  the  surface  of  a  grass  field.    The 

*  The  tract  of  Wells  is  preceded  by  a  personal  memoir  written  by  turn* 
self.    It  has  the  solidity  of  on  essay  of  Montaigne. 
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chillbg  observed,  when  the  thcrmoraeler  was  ciipoKfl  i 
long  grass,  is  represented  by  ihe  number  1,000 ;  while  t 
BQcceeding  numbers  represent  the  relative  chilling  of  t 
thonnomoters  phced  in  ibe  portions  indicated : 
Kadiation. 

Long  grass        ....  1000 

One  iiich  obovc  Ibcpulnls  of  ihc  grass   .     hi  I 

Two  inches 

Three  inchca 


It  may  be  asked  why  the  thermometer,  which  is  ft  goo 
radiator,  is  not,  when  suspended  in  free  air,  just  as  mtwi 
chilled  as  at  the  earth's  surface.  Wells  has  answered  tti 
qnestion.  It  is  because  the  thermometer,  when  chillec 
coola  the  air  in  immediate  contact  with  it ;  this  wr  coi 
tracts,  becomes  bea^'y,  and  tricldes  downwards,  thus  alloi 
iog  its  place  to  he  taken  by  warmer  air.  In  this  way  th 
free  thermometer  is  prcrcnted  from  falling  very  low  b< 
neath  the  temporatnre  of  the  air.  Hence,  also,  the  nece 
sity  of  a  still  night  for  the  copious  formation  of  dew  j  fo 
when  the  wind  blows,  fresh  air  continually  circulates  ami 
the  blades  of  gross,  and  prevents  any  considerable  cbillin 
by  radiation. 

When  a  radiator  is  exposed  to  a  clear  sky  it  tends  < 
keep  a  certain  thermometrio  dislanco,  if  I  may  use  til 
term,  between  its  temperature  an'l  that  of  the  surroundm 
mr.  Tliia  distance  will  depend  upon  the  energy  of  ih 
body  as  a  radiator,  but  it  is  to  a  great  extent  indcpendd 
of  the  temperature  of  the  air.  Thus  M.  Pouiliet  has  prove 
that  in  the  montit  of  April,  when  the  temperature  of  the  m 
was  3^*6  C,  Bwausdown  fill  by  radiation  to  — 3''-5:  til 
whole  chilling,  iherefore,  was  7"'l.   In  the  month  of  Juni 
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when  the  temperature  of  the  air  was,  ^°■15  C,  the  tempera- 
turu  of  the  radiating  Bwaiiadown  was  1 0"'54 :  the  chilling  of 
tLe  swansdowQ  by  radiation  is  here  7'''21 ;  almost  preolaely 
the  same  as  that  which  occurred  in  April.  Thns,  while  the 
general  temperature  varies  within  wide  limits,  the  differ- 
ence of  temporatnro  between  the  radiating  body  and  the 
surrounding  air,  remains  Benslbly  constant. 

These  foots  enabled  Mellon!  to  make  an  important  addi- 
tion to  the  theory  of  dew.  He  found  that  a  glass  thennom- 
eter,  placed  on  the  ground,  is  never  chilled  more  tlian  2° 
C,  below  an  adjacent  thermometer,  mlh  ailoered  bulb,  whieh 
hardly  radiates  at  all.  These  2"  C,  or  thereabouts,  mark 
the  thormonietrio  distance  above  referred  to,  which  the 
glass  tends  to  preserve  betweeen  it  and  the  surrounding 
jur.  But  Six,  Wilson,  Wells,  Parry,  Scoresby,  Glaisher, 
gid  others,  have  found  differences  of  more  than  10°  C, 
a  thermometer  on  grass,  and  a  second  thermom- 
r  hung  a  few  feet  above  the  grass.  How  is  this  to  be 
jounted  for  ?  Very  simply,  according  to  Melloni,  thus : 
t-Tho  grass  blades  first  chill  themselves  by  radiation,  2°  C. 
Mow  the  surrounding  air ;  the  air  is  then  chilled  by  con- 
t  with  the  grass,  and  forms  around  if  a  cold  aerial  bath, 
t  the  tendency  of  the  grass  is  to  toep  the  above  constant 
ronce  between  its  own  temperature  and  that  of  tho 
rounding  medium.  It  therefore  sinks  lower.  The  air 
sinks  in  its  turn,  being  still  further  chilled  by  contact  with 
the  grass ;  the  grass,  however,  again  seeks  to  re-establish 
r.tlis  former  difference ;  it  is  again  followed  by  tlie  air,  and 
I,  by  a  series  of  actions  and  reactions,  the  entire  stratum 
ir  in  contact  with  tho  grass  becomes  lowered  far  below 
i  temperature  which  corresponds  to  the  actual  radiative 
•rgy  of  the  grass. 

I  mnch  for  terrestrial  railiation;  that  of  the  moon 
1  not  occupy  us  so  long.  Many  f\itile  attempts  have 
a  made  to  detect  the  warmth  of  the  moon's  beams.    No 
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doobt  is  Gntcrfr.Incd  that  every  luminous  ray  is  also  m  he) 
ray ;  but  the  lyht-giving  power  is  not  even  iui  approximat 
measure  of  tlio  calorific  energy  of  a  beam.  "With  a  larj 
polyzonal  lens,  McUoni  converged  an  image  of  the  mw 
upon  his  pile ;  but  lie  found  the  cold  of  tiis  lens  far  moi 
than  suflicicnt  to  mask  the  heat,  if  Bueh  there  were,  of  lii 
moon.  lie  Bcreened  off  his  lens  from  the  heavens,  place 
bis  pile  in  the  focus  of  the  lens,  wdtcd  mitil  the  need] 
came  to  zero,  and  then  saddcnly  removing  liis  screen  i 
lowed  the  concentrated  light  to  strike  his  pile.  The  sli{^ 
dr-dt'ofU  in  the  place  of  experiment  were  sufficient  to  di 
guise  the  effect.  Ue  then  stopped  the  tube  in  front  of  h 
pile  with  glass  screens,  through  which  the  light  ireii 
freely  to  the  blackened  face  of  the  pile,  where  it  was  coa 
verted  into  heat.  ITiis  heat  could  not  get  bach  through  li 
glass  scfecn,  and  thus  Mclloni,  following  the  example  <i 
Saussure,  accumulated  his  cficcb?,  and  obt^ned  a  dt^ctio 
of  3°  or  4'',  The  deflection  indicated  warmth,  and  this  ■ 
the  only  experiment  which  gives  ua  any  positive  evideni 
as  to  the  ealorifio  action  of  the  moon's  rays.  Incomparabl 
less  powerful  than  the  solar  rays  in  the  first  instance,  tJie 
action  is  first  enfSebled  by  distance,  and,  secondly,  by  tl 
fact  that  the  obscure  heat  of  the  moon  is  almost  wholly  d 
sorbed  by  onr  atmospheric  vapour.  Even  sucli  obscn 
rays  as  might  happen  to  reach  the  earth  would  bo  ntteH 
CTit  off  by  such  a  lena  as  Melloni  made  use  of.  It  might  b 
wortli  while  to  make  the  experiment  with  a  metallic  n 
tor,  instead  of  ivitb  a  lens,  I  have  myself  tried  a  oomoi 
reflector  of  very  large  dimensions,  but  have  hiiherto  h 
defeated  by  the  unsteadiness  of  the  London  air. 

We  have  now  to  turn  our  thoughts  to  tho  sonroe  I 
which  all  terrestrial  and  lunar  heat  is  derived.    This  sonrt 
ia  the  snn ;  for  if  tlie  earth  has  ever  been  a  molten  splicn 
which  is  now  cooling,  tho  quantity  of  heat  which  reach! 
its  surface  from  within,  baa  long  ceaied  to  be  Bennbli 
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then,  let  us  enquire  what  is  the  conatitutioQ  of  xhia 

■one  body,  to  whicli  wo  owe  botii  light  and  life. 

Let  as  approach  the  subject  gradually  and  jirepare  our 

nunda,  by  previous  discipline,  for  the  treatment  of  thia 

noble  problem.     You  already  know  how  the  spectrum  of 

the  electric  light  is  formed.    Here  you  have  one  upon  the 

two  feet  wide  and  dght  long,  with  all  its  magnili- 

_       gradations  of  colour,  one  fading  into  the  other,  without 

'■olation  of  continuity.    The  light  from  which  this  spec- 

trom  is  derived,  is  euutted  from  the  incandescent  carbon 

poiuta  within  our  electrio  lamp.    All  other  solids  give  a 

omilar  upectrum.     When  I  raise  this  platinum  wire  to 

itenesB  by  an  electric  current,  and  examine  ita  light  by  a 

I  find  the  samo  gradation  of  colours,  and  uo  gap 

itevcr  between  one  colour  and  the  other.     But  by  in- 

heat, — by  the  heat  of  tlie  electric  lamp,  for  example, 

can  volatilise  that  platinum,  and  throw  upon  the  screen, 

the  spectrum  of  the  incandescent  solid,  but  of  its  in- 

vapour.    The  spectrum  is  now  changed ;  instead 

being  a  continuous  gradation  of  colours,  it  consists  of  a 

of  brilliant  linos,  separated  from  each  other  by  spaces 


L I  have  arranged  my  pieces  of  carbon  thus : — the  lower 

k  IB  DOW  a  cylinder,  about  half  an  inch  in  diameter.  In 

B  top  of  which  I  have  scooped  a  small  hollow ;  in  this 

bw  I  place  the  metal  which  I  wish  to  examine — say  this 

6  of  zinc, — and  bring  down  npon  it  the  upper  point. 

^^Wio  current  passes ;  I  draw  the  points  apart,  and  you  see 

the  magnificent  arc   that  now  unites  them  ;    here   is   its 

magnified  ioiagc  upon  the  screen,  a  fine  stream  of  purple 

-Ji^t  IS  inches  long.     That  coloured  apace  contains  the 

tides  of  the  zinc  discharged  across  from  carbon  to  car- 

D ;  these  particles  are  now  oscillating  in  certain  defiiiiie 

la,  and  the  colour  which  wc  jieroeive  in  the  mixture 

f.  imprcseiona  due  to  these  osciilations.    Let  us  separate, 
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by  a  prism,  the  coloured  fitrcam  Into  its  components ;  ha 
they  are,  splendid  bands  of  red  and  blue.  Pray  renietubi 
the  character  and  position  of  these  bands,  as  I  sball  baa 
to  refer  to  them  again  immediately. 

I  interrupt  the  cunent ;  eject  the  zme,  and  put  la  ifl 
place  a  bit  of  copper.     Here  yon  sec  a  Etrcam  of  g 
light  between  the  carbons,  which  we  will  analyse  a»  i 
did  the  light  of  the  rinc.    You  can  see  that  the  spectrol 
of  the  copper  is  different  from  that  of  the  zinc :  here  ym 
have  bands  of  brilliant  green,  wbioh  are  absent  from  tl 
zinc.   Wo  may  therefore  infer,  with  certainty,  that  the  atoia 
of  copper,  in  the  voltaic  arc,  swing  in  periods  different  frol 
those  of  zinc.     Let  us  now  ace  ivhetlier  these  diflerc 
periods  crcatG  any  canfuBion,  when  we  operate  upon  a  61^ 
stance  composed  of  zinc  and  copper, — ths  familiar  suH 
stance  brass.    Its  spectrum  is  now  before  you,  and  if  y 
have  retjiiiiod  the  impression  made  by  our  two  last  expt 
mgntB,  you  will  recognise  hero  a  spectrum  formed  by  t 
superposition  of  the  two  separate  spectra  of  z 
per.    The  alloy  emits,  without  confusion,  the  rays  p 
to  the  metals  of  which  it  is  composed. 

Every  metal  emits  its  own  system  of  bands,  which  a 
as  characteristic  of  it  as  those  physical  and  chemical  qos 
ties  which  give  it  its  individuality.  By  a  method  of  e 
periment  sufficiently  refined  we  can  measure,  accurately,  I 
position  of  the  bright  lines  of  every  I!iJOH^l  metal. 
qudnted  with  such  lines  we  should,  by  the  mere  inspecUcd 
of  the  spectrum  of  any  single  metal,  be  able  at  once  t 
declare  its  name.  And  not  only  so,  but  in  the  cajce  of  J 
mixed  spectrum,  we  should  be  able  to  declare  the  con»itU 
entfl  of  the  mixture  from  which  it  emanated. 

This  is  true,  not  only  of  tbc  metals  themselves,  but  a 
of  their  compounds,  if  they  be  volatile.  I  place  a  bit  o 
sodium  on  my  lower  cylinder  and  cause  the  voltato  r 
charge  to  pass  from  it  to  the  upper  coal-point ;  hero  is  tl 
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Spectrum  of  the  Eodium :  a  ebigle  bond  of  brilliant  yel- 
low. If  I  operated  with  sufficient  delicacy  I  should  divide 
that  band  into  two,  with  a  narrow  dark  interval  between 
them.  I  eject  the  Bodiani  from  the  lamp  and  put  in  its 
place  a  little  common  snlt,  or  ubloridc  of  sodium.  At  tliin 
high  temperature  the  salt  is  volatile,  and  you  gee  the  exact, 
yellow  band  produced  by  the  eait  that  wua  given  by  tlie 
metal.  Thus,  also,  by  means  of  the  chloride  of  strontium 
I  produce  the  bands  of  the  metal  strontium  ;  by  the  chlo- 
rides of  calcium,  magnesium,  and  lithium,  I  produce  the 
spectra  of  these  respective  metals. 

Here,  finally,  I  have  a  carbon  cylinder  perforated  with 
holes,  into  which  I  have  stuifed  a  mixture  of  all  the  com- 
pounds just  mentioned ;  and  there  is  the  spectrum  of  the 
nixtare  upon  the  screen.    Surely  nothing  more  magnifi- 

it  can  bo  imagined.  Each  substance  gives  out  its  own 
rays,  and  thus  they  cut  transversely,  the  whole 
eight  feet  of  the  spectrum  into  splendid  parallel  bars  of 
coloured  light.  Having  previously  made  yourselves  ac- 
quainted with  the  lines  emitted  by  all  the  metals,  you 
would  be  able  to  unravel  this  spectrum,  and  to  tell  me  what 
Bubstances  I  have  employed  in  its  production. 

I  make  use  of  the  voltaic  arc  simply  because  its  light 
is  BO  intense  as  to  be  visible  to  a  large  audience  like  the 
present,  but  I  might  make  the  same  experiments  with  a 
common  blow-pipe  flame,  which  is  nearly  deprived  of  light 
by  the  admixture  of  air  or  oxygen.  The  introduction  of 
sodium,  or  chloride  of  sodium,  tuma  the  flame  yellow ; 
strontium  turns  it  red ;  copper  green,  ifcc.  The  flames  tlnis 
coloured,  when  esamined  by  a  prism,  show  the  exact  bands 
which  I  have  displayed  before  you  on  the  ecrcon. 

Wo  have  already  learned  that  gases  and  vapours  absorb 
the  rays  of  heat,  the  heat  that  we  employed  being  obsciirt!. 
I  liave  no  donbt  that  if  those  rays  could  make  an  impres- 
sion upon  the  eye — if  T  could  spread  them  out  before  you 
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Wee  tJie  colours  of  tlio  spectrum — joa  would  find  ccrta 
classes  of  rays  selected,  in  each  case,  for  dcstmotion,  i 
others  being  allowed  free  pass)^  tbrougli  the  Tapou) 
A  famous  experiment  of  Sir  David  Brewster'fl,  vhidi'l 
will  tlu'ow  into  a  form  suited  to  the  lecture  rooto,  1 
enable  me  to  illustrate  this  power  of  selection  in  tlio  c 
of  light.  Into  this  cylinder,  the  ends  of  which  are  stoppf 
by  plates  of  gloBS,  I  introduce  a  quantity  of  nitrous  i 
gas,  the  presence  of  which  is  now  indicated  by  its  i 
brown  colour.  I  project  a  spectruni  on  Ibe  sa 
feet  long  and  neatly  two  in  width,  and  I  plAco  tbia  oylli 
der,  containing  the  brown  gas,  in  the  path  of  Iho  beam  a 
it  issues  from  the  lamp.  You  eco  the  effect ;  tlie  contiq 
nous  spectrum  is  now  furrowed  by  numerous  dark  I 
the  rays  answering  to  which  are  struck  down  by  the  nit* 
gas,  while  it  pennits  the  intervening  bauds  of  light  to  f 
without  hindrance. 

Wo  roust  now  take  a  step  in  advance  of  the  principle  o: 
reciprocity,  which  I  have  already  enunciated.    Ilithert 
we  have  found  in  gases,  liquids,  and  solids,  that  tbe  ( 
absorber  is  the  good  radiator ;  we  must  now  go  further  ai 
state,  that  a  gwt  or  vapour,  absorbs  those  precise  raya  « 
it  can  itself  emit ;  the  atoms  which  swing  at  a  certain  rate 
intercept  the  waves  excited  by  atoms  swinging  at  the  saine 
rate.    The  atoms  which  vibrate  red  light  will  stop  i 
light;  the  atoms  that  oscillate  yellow  fl'ill  Stop  ycUovfl 
those  tliat  oscillate  green  will  slop  green,  and  so  of  t 
rest.     Absorption,  you  know,  is  a  transference  of  ntotid 
from  tlie  etlier  to  the  particles  immersed  in  it,  and  (lie  % 
sorption  of  any  atom  is  exerted  chiefly  upon  thoeo  wavi 
which  arrive  in  periods  that  correspond  with  the  aloi 
oivn  rate  of  oscillation. 

Let  us  cndeavonr  to  prove  this  experimentally. 
already  know  that  a  sodium  6ame,  when  analysed,  gives  4 
a  brilli.-uit  double  band  of  yellow.    Here  is  a  flat  vcfl  ' 
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contwiing  s  mixture  of  alcohol  and  water ;   I  warm  the 

mixture  and  ignite  it :  it  gives  a  flame  which  is  so  feebly 

Immnons  as  to  be  scarcely  visible.    I  uow  mix  salt  with 

Ihe  liquid,  and  again  ignite  it ;  the  flame,  which  a  moment 

ago  was  scarcely  to  be  seen,  is  now  a  brilliant  yoUow.    I 

rcycct  a  continuous  spcctnun  npon  the  screen,  and  in  tlic 

ick  of  the  beam,  as  it  issues  from  tho  electric  lamp,  I 

c  the  yellow  sodium  flame.     Observe  tho  fipectvum  nar- 

lOwIy :  you  see  a  dickering  gray  baml  in  the  yellow  of  the 

jectrum ;  sometimes  it  is  shaded  deeply  enough  to  show 

ron  all  that  the  flame  has,  at  least  in  part,  intercepted  the 

Jlow  baad  of  the  epectram:  it  has  partially  absorbed  tho 

e  light  which  it  can  itself  emit. 

Bnt  I  wish  to  make  tho  eflect  plainer,  and  therefore 

jandon  the  alcohol  light,  and  proceed  thus:   here  is  a 

Bunscn's  bnmer,  the  flame  of  which  is  intensely  hot, 

though  it  hardly  emits  any  light.     I  place  the  burner  in 

front  of  the  lamp,  so  that  the  beam,  whose  decomposition 

» to  form  our  spectrum,  shall  pass  through  the  flame.     I 

J  here  a  Uttic  net  of  platinum  wire,  in  which  I  place  a 

t  of  the  metal  sodium,  about  the  size  of  a  pea.    I  also  set 

p  a  pasteboard  shade,  which  shall  cut  off  the  light  omitted 

f  tho  sodium,  from  tho  screen  on  which  tlio  spectrum 

And  now  I  am  ready  to  mnte  tho  esperiment. 

re,  then,  in  tlio  first  place,  is  the  spcctmm,    I  now  in- 

e  the  platinum  not  in  front  of  tho  lamp ;  the  sodium 

]y  colours  tho  flame  intensely  yellow,  and  you  see  a 

idow  coming  over  the  yellow  of  the  spectnun.    But  tho 

»t  is  not  yet  at  its  maximum.    The  sodium  now  sud- 

nly  bursts  into  intensified  combustion,  and  there  you  sec 

e  yellow  dug  utterly  out  of  tho  spectrum,  and  a  bar  of 

e  darkneiis  in  its  place,    Tliis  violent  combustion  will 

idure  for  a  little  time.    I  withdraw  the  flarao,  the  yellow 

Bappears  upon  the  screen;  I  reintroduce  it,  the  yellow 

ksd  is  cot  out.    Hiis  I  c.in  do  Ion  times  in  succession, 
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and  in  the  whole  range  of  optics  1  do  not  think  there  is  a 
more  striking  experiment.  Ilcre,  then,  we  have  condii- 
sively  proved,  that  the  light  which  the  sodium  flame  &^ 
Borbs  is  the  precise  light  which  it  can  emii. 

Let  me  be  Btill  more  precise  in  my  csperimeoL     1 
yeliow  of  the  spectrum  spreads  over  a  widish  interval ;  I 
I  wisli  now  to  show  you  that  it  ia  the  particular  porti 
of  the  yellow  which  the  sodium  emits,  that  is  absorbed ' 
its  flame,     I  place  a  little  salt  solution  on  the  ends  of  fl 
coal  points ;  you  now  sec  the  continuous  spectrum 
yellow  band  of  the  aoditua  brighter  than  the  rest  of  Ul 
yellow.    It  is  thus  clearly  defined  before  your  eyes. 
again  jilace  the  sodium  flame  in  front,  and  that  porticnl 
baud  which  now  stands  out  from  the  spectrum  is  cut  avftj 
— a  space  of  intense  gloom  occupying  its  place. 

You  have  already  seen  a  spectrum,  derived  from  a  n 
ture  of  various  substances,  .and  which  was  composed  of 
Guccea^on  of  sharply  defined  and  brilliant  b.irs,  noparaU 
from  each  other  by  intcrv.ils  of  darkness.    Could  I  t 
the  mixture  which  produced  that  striped  spectrum,  i 
raise  it,  by  means  of  Bunsen's  burner,  to  a  tempcratm 
BUflicienlly  intense  to  render  its  vapours  incandescent ; 
placing  its  flame  in  the  path  of  a  beam  producing  a  oont 
nous  epoctrum,  I  should  cut  out  of  the  latter  the  pn» 
rays  emitted  by  the  components  of  my  mixture.    I  slio 
thus,  instead  of  furrowing  my  spectrum  by  a  single  <l$ 
band,  as  in  the  case  of  sodium,  furrow  it  by  a  series  i 
dark  bands,  equal  in  number  to  the  bright  bands  product 
when  the  mixture  itself  was  the  source  of  light, 

I  think  we  now  possess  knowledge  suflicient  to  ruse 
to  the  level  of  one  of  the  most  remarkable  gcneraliaatic 
of  our  age.    When  the  light  of  the  sun  is  properly  doc 
posed,  the  spectrum  is  seen  fiirrowcd  by  innumerable  d 
lines.    A  few  of  these  were  observed,  for  the  first  liB 
by  Dr.  Woilaston  ;  but  Ihcy  were  investigated  witli  | 
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found  skill  by  Fraunhofer,  and  calletl,  after  him,  Fraun- 
liofer's  lines.    It  bas  long  beca  supposed  that  these  dark 
spaces  were  caused  by  tbo  absorption  of  the  rays  which 
correspond  to  them,  iu  the  atmosphere  of  the  sun ;  but  no- 
body  knew  how.    Having  once  proved  that  on  incandescent 
vapour  absorbs  the  precise  rays  which  it  can  itself  emit, 
and  knowing  that  the  body  of  the  snn  ia  surrounded  by  au 
incandesccDt  photosphere,  the  snpposition  at  once  flashes 
on  the  mind,  that  this  photOi>phcrc  may  cut  oS*  those  rays 
of  the  central    incandescent  orb,   which  tlie  photosphere 
itself  can  emit.     We  are  thus  led  to  a  theory  of  the  con- 
stitution of  the  sun,  which  renders  a  complete  account  of 
B  lines  of  Fraunhofcr. 
Tiie  sun  consists  of  a  central  orb,  liquid  or  solid,  of  ex- 
Sing  brightness,  which,  of  itself,  would  give  a  contin- 
■  Bpeotrom,  or  in  other  words,  which  emits  all  kinds  of 
These,  however,  have  to  pass  through  iho  photo- 
;,  which  wraps  the  sun  like  a  tiame,  and  this  vaporous 
blope  cuts  off  those  particular  rays  of  the  nucleus  which 
Ian  itself  omit — the  lines  of  Fraunhofcr  marking  the 
"tion  of  these  failing  rays,    Coidd  we  abolish  the  cen- 
ft  orb,  and  obtain  the  spectrum  of  the  gaseous  envelope, 
p  should  obtain  a  striped  specti-um,  each  bright  band  of 
i  would  coincido  with  one  of  Fraunhofer's  dark  lines. 
i  lines,  therefore,  aro  spaces  of  relative,  not  of  abso- 
B  darkness ;  upon  them  the  rays  of  the  absorbent  phuto- 
e  fsll ;  but,  these  not  being  sufficiently  intense  to  m.ike 
"■'jjood  the  light  intercepted,  the  spaces  which  they  illuminate 
arc  dark,  in  comparison  to  the  general  brilliancy  of  llie 
spectrum. 
^-      It  has  long  been  supposed  that  sun  and  planets  have 
l^pd  A  common  origin,  and  that  bonce  the  same  substances 
^HpB  more  or  less  conmion  to  tbcm  all.    Can  we  detect  the 
^Hncence  of  any  of  our  terrestrial  substances  in  the  sun  ?    I 
^Bnre  said  tliat  the  bright  bauds  of  a  metal  are  character- 
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istJo  of  tlie  metal ;  that  wc  can,  -without  soeing  the  mct^ 
doclaro  itfl  naino  from  the  inspection  of  iho  bands, 
bands  are,  so  to  speak,  the  voice  of  the  metal  decluring  i 
preacDce,  Hence,  if  any  of  our  Icrrestiial  Rtclab  bo  vol 
tained  in  the  sun's  atmosphere,  the  dark  linea  nluch  the 
produce  ought  to  coincide  exactly  with  the  bright  line 
emitted  by  the  vapour  of  the  metal  itself.  In  the  case  o 
the  Hingle  metal  iron,  about  CO  bright  lines  have  been  d 
termined  aa  belonging  to  it.  "When  the  light  from  tl 
incandescent  vapour  of  iron,  obtained  by  passing  tiet 
trie  sparki  between  two  iron  wires,  ia  allowed  to  ] 
through  one-half  of  a  fine  slit,  and  the  light  of  the  sn 
through  the  other  half,  the  spectra  from  both  sourocso 
light  may  be  placed  together ;  and  when  this  is  done  it  i 
foimd  that  for  every  bright  Ime  of  the  iron  (^pectnua  ther 
is  a  dark  lino  of  the  solar  spcctram.  licduced  to  actat 
calculation,  this  moans  that  the  chances  are  more  tlian  1,00{I 
000,000,000,000,000  to  1  that  iron  is  in  the  aUnos;ihcn:  o 
the  8un.  Comparing  the  spectra  of  other  metals  in  th 
same  manner.  Professor  Kirchhof,  to  whose  genius  wc  ow 
this  splendid  generalisation,  finds  iron,  calcimn,  magnesiodE 
sodium,  chromium,  and  other  metals,  to  be  constituents  o 
the  solar  atmosphere,  but  na  yet  he  has  been  unable  to  di 
tect  gold,  silver,  mercury,  aluniininin,  tin,  lead,  arfionic,  Q 
antimony. 

I  can  imitate  in  a  way  more  precise  than  that  hitherti 
employed,  the  solar  constitution  here  supposed.  I  place  i 
tlio  electric  lamp  a  cyUnder  of  carbon  about  half  a 
thick ;  on  the  top,  and  rotmd  about  the  edge  of  the  cylii 
der,  I  place  a  ring  of  sodium,  leaving  the  centra!  portio 
of  the  cylinder  clear.  I  bring  down  the  n])per  oo  J  jimB 
upon  the  miildle  of  tho  cylinder's  upper  surface,  thus  prt 
dncing  tho  ordinary  electric  light.  The  proximity  of  tls 
light  to  tho  Bodiiim  is  sufficient  to  volatilise  the  liittcr,  an 
thns  I  surround  my  little  central  eiin  with  an  ntmosphei 
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of  sodium  vapotir,  as  tbo  veal  Biin  is  Bnrrotinded  by  its 
ptiolofl)ilierc.  In  tic  spectrum  of  iliis  light  you  ece  the  yel- 
low band  is  abseat. 

The  energy  of  solar  emission 
has  been  measured  by  Sir  John 
Herschel  at  the  Capo  of  Good 
Hope,  and  by  M.  Pouillet  in 
Paris,  The  agreement  between 
the  measurements  is  very  re- 
markable. Sir  Jolm  Herschel 
llnds  the  direct  heating  effect  of 
a  vertical  sim,  at  the  sea  level,  to 
be  competent  to  melt  0*007S4  of 
an  inch  of  ice  per  minute ;  while 
according  to  M,  Pouillet,  the 
quantity  la  O'OOTOS  of  an  inch. 
The  mean  of  the  determinations 
cannot  be  far  from  the  truth ; 
this  gives  0-00728  of  an  inch  of 
ice  per  minute,  or  nearly  half  an 
inch  per  hour.  Before  you  (fig. 
100)  I  have  placed  an  instrument 
similar  in  form  to  that  used  by 
M.  Pouillet,  and  called  by  him  a 
pyrhclionieter.  Tlie  particular  in- 
S7  see  is  composed  of  a  shallow  cylin- 
s  filled  with  mercury.  Into  the  cylin- 
r,  is  introduced,  the  stem  of  wluch  is 
iOtecled  by  a  piece  of  brass  tubing.  We  thus  obtaui  tho 
tBpemtarc  of  the  mercury.  The  flat  end  of  tho  cylinder 
plto  be  turned  towards  the  snn,  and  the  surface  tliuH  pre- 
I  is  coated  with  lampblack.  Here  is  a  collar  and 
t  of  which  the  instrument  may  be  at- 
died  to  tliu  sluho  driven  into  tlio  ground,  or  into  thu 
■,  if  llio  obsen  ations  are  made  at  considerable  heights. 


ment  which  you  n 
V  of  steel,  a  a,  which  1! 
T  this  thermometer  a 
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It  is  necessary  tliat  llic  surface  i\'hich  receives  the  e 
rays  ehould  be  perpendicular  to  the  rays,  and  this  is  secured 
by  appending  to  the  brass  tube  which  shields  the  stem  of 
the  thermometer,  a  disk,  ee,  of  ])rccisely  the  same  diameter 
as  the  steel  cylinder.  Wiien  the  Bhadow  of  the  cyUndor 
accurately  covers  the  disk,  we  arc  sure  that  the  rays  fall,, 
as  perpendiculars,  on  the  upturned  surface  of  the  cylinder. 
The  obser\-ations  are  made  in  the  following  manner  :- 
First,  the  instrument  is  permitted,  not  to  receive  the  son's 
rays,  but  to  radiate  its  own  heat  for  five  minutes  against 
an  unclouded  part  of  the  firmament ;  the  decreaso  of  th« 
temperature  of  the  mercury  consequent  on  this  radiation  ti 
then  noted.  Next,  the  instrument  is  turned  towards  tha 
Bun,  60  that  the  solar  rays  fall  perpendicularly  upon  it  fof 
five  minutes, — the  augmentation  of  temperature  is  now 
noted.  Finally,  the  instrument  is  turned  again  towarda 
the  firmament,  away  fiom  the  eun,  and  allowed  to  radinta 
for  another  five  minutes,  the  sinking  of  the  thermometer 
being  noted  as  befoi'e.  You  might,  perhaps,  suppose  that 
exposure  to  the  stm  alone  would  be  sufficient  to  dctermins 
his  heating  power ;  but  we  must  not  forget  that  during 
the  whole  time  of  exposure  to  the  sun's  action,  the  blacb 
cned  surface  of  the  cylinder  is  also  radiating  into  space  ; 
it  is  not  therefore  a  case  of  pure  gain :  the  heat  rec(>ived| 
from  the  eun  is,  in  part,  thus  wasted,  even  while  the  ex- 
periment is  going  on ;  and  to  find  the  quantity  lost,  tho 
first  and  last  experiments  arc  needed.  In  order  to  obtaia 
tlie  whole  heating  power  of  the  sun,  we  must  add  to  bia 
observed  heating  power,  the  quantity  lost  during  the  tiuid 
of  exposure,  and  this  quantity  is  the  mean  of  the  first  and 
last  obBervalions.  Supposing  the  letter  k  to  represent  tha 
augmentation  of  temperature  by  five  minutes'  exposoro  to 
the  sun,  and  that  t  and  t'  represent  the  rcdnetions  of  tem* 
peraturc  oliserved  before  and  after,  then  the  whole  furca 
of  tlie  sun,  which  wc  may  call  r,  would  be  thus  expressed^ 
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Tlio  surface  on  which  the  son's  rays  here  fall  is  known  ; 
the  qaantily  of  mercury  within  tho  cyUndGr  is  also  known ; 
hence  we  can  express  tho  cfiiict  of  the  son's  heat  upon  a 
gtren  area,  hy  stating  that  it  ia  competent,  in  five  minutes, 
I  to  raise  so  much  mcrcuiy,  or  so  much  water,  so  many  dc- 
(  grecs  in  temperature.  Water  indeed,  instead  of  mercury, 
was  need  in  M.  Pouillet's  pyrhelionieter. 

The  obsenalions  were  made  at  different  hours  of  tlie 
day,  and,  hence,  through  different  thicknesses  of  the  earth's 
atmosphere ;  augmenting  from  tho  minimum  ihickness  at 
noon,  up  ot  the  maximum  at  6  f.  m.,  which  was  the  time  of 
the  latest  observation.  It  was  found  that  tho  Kolar  energy 
diminished  according  to  a  certain  law,  as  the  thickness 
of  the  air  crossed  by  the  sunbeams  increased ;  and  from 
tltia  law  M.  Pouillet  was  enabled  to  infer  what  the  atmos- 
pheric absorption  of  a  beam  would  be,  if  directed  down- 
wards to  his  instrument  from  the  zenith.  T)iis  he  found 
to  be  25  per  cent.  Doubtless,  this  absorption  would  bo 
chiefly  exerted  upon  the  longer  undulations  emitted  by  the 
sun,  the  aqueous  vapour  of  our  air,  and  not  the  nir 
itself,  being  the  main  agent  of  absoq)tion.  Taking  into 
aeconnt  the  whole  terrestrial  hemisphere  turned  towards 
the  sun,  the  amount  intercepted  by  the  atmospheric  on- 
relope  is  four-feutlis  of  tho  entire  radiation  in  the  direction 
of  the  earth.  Thus,  wore  the  atmosphere  remoTed,  the 
iUununaled  hemisphere  of  the  earth  would  receive  nearly 
wico  the  amount  of  heat  from  the  aun  that  now  reaches 
Tlie  total  amount  of  solar  heat  received  by  tho  earth 
a  year,  if  distributed  uniformly  over  the  earth's  aurfuce, 
~i  be  sufficient  to  liquefy  a  layer  of  ice  100  feet  thick, 
1  covering  the  whole  earth. 

Knowing  thus  tho  annual  receipt  of  the  earth,  we  can 
leulato  the  entire  quantity  of  heat  emitted  by  the  sun  in 
21" 
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a  year.  Conceive  a  hollow  Ephero  to  surround  Uie  stm,  il 
coiitre  beinj;  the  bud'b  centre,  and  its  surface  at  the  dii 
touoe  of  tbe  earth  from  the  Bim.  Tfte  section  of  tho  earlJ 
cut  bf  this  surface,  is  to  the  ^\'h&te  area  of  (Jio  hoUoi 
sphere,  as  1 :  2,300,000,000  ;  hence,  the  quantity  of  sol& 
heat  intercepted  by  the  earth  is  only  s^gfg'stacs  of  lb 
total  radiation. 

The  heat  emitted  by  tho  sun,  if  used  to  melt  a  stratum 
of  ice  applied  to  tho  sun's  surface,  would  liquefy  tin 
ice  ut  the  rate  of  2,400  ftiet  au  hour.  It  would  boil,  p 
hour,  700,000  millions  of  ctibic  miles  of  ice-cold  ^ 
Expi-essed  in  another  form,  the  heat  given  out  by  the  ai 
per  hour,  is  equal  to  that  which  would  be  generated  by  tl 
combustion  of  a  layer  of  solid  coal,  10  feet  thick,  cnttr 
siuTounding  the  sun ;  hence,  the  heat  emitted  in  a  years 
cqu:il  to  that  which  would  be  produced  by  the  oombusdcl 
of  a  layer  ofco.il  17  miles  in  thickness. 

These  are  the  results  of  direct  mcasarement ;  so 
should  greater  accuracy  be  conferred  on  them  by  futni 
determinations,  it  will  not  deprive  them  of  their  astotinil 
ing  character.  And  tliis  expenditure  has  been  going  0 
for  ages,  without  our  being  able,  in  historic  times,  to  dct 
tcct  the  loss,  'S\'hen  the  tolling  of  a  bell  is  heard  at  a  did 
tance,  the  sound  of  each  stroke  soon  eiuks,  tlie  eonoroni 
vibrations  arc  quickly  wasted,  and  renewed  strokes  on 
necessary  to  maintain  the  sound.    Like  the  bell. 
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it  atxh  alter  Wcisc. 


But  how  is  its  tone  sustained  ?  How  is  the  pcrennii 
loss  of  die  Bun  made  good  ?  We  are  apt  to  overlook  tli 
wonderful  in  the  common.  Possibly  to  many  of 
even  to  some  of  tho  most  enlightened  among  us — the  ii 
appears  as  a  fn-e,  diflering  from  our  terrestrial  fires  only 
the  magnitude  and  intensity  of  its  cornhnsdon.  But  wb 
is  the  burning  matter  which  can  thus  maintain  itself  P     / 
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WO  know  of  oosmica]  phenomena  dtclares  oor  broUicr- 
■with  the  sun, — affirms  that  the  same  coDstitnents 
it*T  into  the  compo^tion  of  hia  mass  as  those  abeady 
known  to  chemistry.  But  no  earthly  snhstance  with  which 
we  are  acquainted — no  Bubstancc  which  the  fall  of  roeleora 
has  landed  on  the  earth — would  be  at  all  competent  to 
maintain  the  Bun's  cornhnstion.  The  chemical  energy  of 
such  substances  would  be  too  weak,  and  their  dissipation 
luld  be  too  speedy.  Were  the  Bon  a  solid  block  of  coal, 
"  wore  it  allowed  a  enfficient  supply  of  oyygcn,  to  enable 
bum  at  the  rate  necessary  to  produce  the  obaen^ed 
lion,  it  would  be  utterly  consumed  in  5,000  years. 
On  the  other  hand,  to  imagine  it  a  body  originaUy  en- 
dowed with  a  store  of  heat — a  hot  globe  now  cooling — 
necessitates  the  ascription  to  it  of  quahlies,  wholly  differ- 
ent from  those  possessed  by  terroBlrial  matter.  If  we  know 
the  SjtccilJc  heat  of  the  sun,  wo  could  calculate  its  rate  of 
cooling.  Assmning  this  to  bo  the  same  as  that  of  water — 
terrestrial  eubstance  which  poBaeBsea  the  highest  spe- 
heat — at  its  present  rate  of  emission,  the  entire  mass 
Bun  would  cool  down  15,000°  Faht.  in  5,000  years. 
Bhort,  if  the  sun  be  formed  of  matter  like  our  own, 
must  CTdat  of  restoring  to  him  his  wasted 

fclTie  facts  arc  so  extraordinary,  that  the  Bobercst  hy- 
Ihesis  regarding  them  must  appear  wild.    Tlie  sun  we 

BW  rotates  upon  his  axis ;  he  turns  like  a  wheel  once  in 
mt  25  days:  can  it  be  the  friction  of  tho  perijihery 

I  thia  wheel  against  something  in  surrounding  space 
kb  produces  the  light  and  heat  ?  Such  a  notion  has 
a  entertained.  But  what  forms  tho  brake,  and  by  what 
mcy  is  it  held,  while  it  nibs  against  the  sun  ?  The  ac- 
I  is  inconceivable ;  but,  granting  tho  existence  of  tlio 
tke,  wo  can  calculate  the  total  amount  of  heat  which  the 

B  oould  generate  by  such  friction.    We  know  his  mass, 
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we  know  his  lime  of  rotation ;  we  know  the  mocWnicat 
equivalent  of  licit  ;  and  from  tliese  dati  we  deduce,  viHx 
txTtainty,  that  the  entire  force  of  rotation,  if  converted  into 
•  heat,  would  cover  more  than  one,  but  less  than,  two  cen- 
turies of  eniiasion."  There  is  no  hypothesiB  involved  in 
this  calculation. 

There  is  another  theory,  which,  however  bold  it  may,  at 
first  Bight,  appear,  desenes  our  earnest  attention.  I  have 
already  referred  to  it  as  the  Meteoric  Theory  of  the  Bun'i 
heat  Solar  space  is  peopled  with  ponderahle  objects 
Kepler's  celebrated  statement  that  *  there  are  more  cometA 
b  the  heavens  than  fish  iu  the  ocean,'  refers  to  the  fact 
that  a  small  portion  only  of  the  total  number  of  comets  bo- 
longing  to  our  system,  are  seen  from  the  earth.  But 
besides  cornels,  and  planets,  and  moons,  a  numerous  clasa 
of  bodies  belong  to  our  system, — asteroids,  which,  from 
their  Bmallnosa,  might  be  regarded  as  cosmJcal  atoms.  Lika 
the  planets  and  the  comets  these  smaller  bodies  obey  tha 
law  of  gravity,  and  revolve  on  elliptic  orbits  roimd  the  sun 
and  it  is  they,  when  they  come  within  the  earth's  atmo- 
sphere, that,  iired  by  friction,  appear  to  ns  as  meteors  and 
falling  stars. 

On  a  bright  night,  20  minutes  rarely  pass  at  any 
of  the  earth's  surface  without  the  appearance  of  at  I 
one  meteor.  At  certain  times  (the  I2tb  of  Angust  and  iha 
nth  of  November)  they  appear  in  enormous  nnmbcrsi 
During  nine  hours  of  observation  in  Boston,  when  they  were 
described  as  falling  as  thick  as  snoivilakcs,  240,000  meteors 
were  calculated  to  have  been  observed.  The  number  fall- 
ing in  a  year  miglit,  perhaps,  be  estimated  at  hnndrcda  ot 
thousands  of  miliions,  and  even  these  would  constitute  bi 
a  small  portion  of  the  total  crowd  of  asteroids  that  ciroi 
late  round  the  sun.    From  the  phenomena  of  light  aoj 

"  Mcjer  Djnunik  des  nimniLls,  p.  10, 
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heatf  and  by  the  direct  obBcrvations  of  Encke  on  liia  comet, 
we  learn  that  the  universe  is  filled  by  a  redsting  medium, 
through  the  friction  of  which  all  the  maasea  of  our  sj-Btem 
are  drawn  gradually  towards  the  sun.  And  though  the 
larger  planeta  show,  in  historic  times,  no  diminution  of 
their  periods  of  revolution,  this  may  not  hold  good  for  the 
Binaller  bodies.  In  tho  time  required  for  the  mean  distance 
of  the  earth  from  the  sun  to  alter  a  single  yard,  a  small 
asteroid  may  have  approached  thousands  of  miles  nearer  to 
our  central  luminary, 

Following  up  these  reflections  wo  shoold  infer,  that 
irhilo  this  immeasurable  stream  of  ponderable  matter  rolls 
noceaEiingly  towards  tho  sun,  it  must  augment  in  density 
as  it  approaches  its  centre  of  convergence.  And  here  tho 
conjecture  naturally  rises,  that  that  weak  nebulous  light, 
of  vast  dimenBioDS,  which  embraces  the  sun — Ihe  Zodiacal 
Light— may  owe  its  existence  to  these  crowded  meteoric 
maaaes.  However  this  may  be,  it  is  at  least  proved  that 
this  luminous  piienomenon  arises  from  matter  which  cir- 
culates in  obedience  to  planetary  laws  j  the  entire  mass 
oonatituting  the  zodiacal  light  must  be  constantly  ap- 
ifToaohing,  and  incessantly  raining  its  substance  down 
Opon  the  sun. 

We  observe  the  fall  of  an  apple  and  investigate  tho  law 
ich  rules  its  motion.  In  tlie  place  of  the  earth  we  set 
and  in  the  place  of  ihe  apple  we  set  the  earth,  and 
;as  possess  ourselves  of  the  key  to  the  mechanics  of  the 

iTcns.  We  now  know  the  connection  between  height 
fall,  velocity,  and  heat  of  the  surface  of  the  earth.    In 

place  of  the  earth  let  us  set  the  sun,  witli  300,000  limes 
10  earth's  mass,  and,  instead  of  a  fall  of  a  few  feet,  let  us 
cosmical  elevations  ;  we  thus  obtain  a  means  of  gcn- 

ing  heat  which  transcends  nil  terrestrial  power. 

It  is  easy  to  calculnte  both  iho  maximum  and  the  mini- 
velocity,  imparted  by  the  sun's  attraoUon  to  an  as- 
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teroid  drculaling  round  bim ;  the  ma^mnm  ia  generated 
wliGU  the  body  approaches  the  eun  from  an  inliiiiut  dift- 
tance  ;  the  entire  pull  of  the  son  being  then  expended  Opon 
it ;  tho  minimum  is  that  velocity  which  would  barely  en- 
able the  body  to  revolve  round  the  Bun  close  to  Iiis  surface. 
The  final  velocity  of  the  former,  just  before  Etriking  the 
Sim,  would  be  390  miles  a  Eocond,  thai  of  the  latter  278 
miles  a  second.  The  asteroid,  on  sirJking  the  sun  with  tlie 
foi-mer  velocity,  would  develop©  more  than  9,000  times  thti 
lieat  generated  by  tlie  combustion  of  au  efjnal  aslcroid  of 
solid  coal ;  wliile  the  shock,  in  the  latter  case,  would  gen- 
erate beat  equal  to  that  of  the  combustion  of  upwards  of 
4,000  Buch  asteroids.  It  matters  not,  therefore,  whether 
the  Bubstanccs  falling  into  the  sun  be  combustible  or  not ; 
their  being  combustible  would  not  add  sensibly  to  the  tro- 
mendous  heat  produced  by  their  mechanical  collision. 

Here  then  we  have  an  agency  competent  to  restore  lua 
lost  energy  to  the  bud,  and  to  maintain  s  temperatoro  at 
hia  Burface  which  tranBcends  all  terrestrial  combustion. 
The  very  quality  of  tho  solar  roys — their  incomjianiWo 
penetrative  power — enables  ub  to  infer  that  the  temjiera- 
ture  of  their  origin  must  be  enormous  ;  but  in  the  fall  of 
asteroids  we  find  the  means  of  producing  such  a  tempera- 
ture. It  may  be  contended  that  this  showering  down  of 
matter  must  be  accompanied  by  tho  growth  of  the  sun  in 
size ;  it  ia  so ;  but  the  quantity  noeesBory  to  produce  the 
observed  calorific  cmis^on,  even  if  accumulated  for  4,000 
years,  would  defeat  the  scrutiny  of  our  best  instruments. 
If  t)ie  earth  stnick  tho  Bun  it  would  utterly  v^ush  from 
perception,  but  the  heat  developed  by  its  shock  would 
cover  the  expenditure  of  the  sun  for  a  century. 

To  the  earth  itself  apply  considerations  Binular  to  those 
which  we  have  applied  to  the  Bun.  Nowton'a  theory  of 
gravitation,  which  enables  us,  from  the  present  form  of 
the  earth,  to  deduce  its  original  state  of  a^regation,  re- 
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yeal3  to  us,  at  the  same  time,  a  source  of  heat  powerful 
enough  to  bring  about  the  fluid  state — ^powerful  enough  to 
fuse  even  worlds.  It  teaches  us  to  regard  the  molten  con- 
dition of  a  planet  as  resulting  from  the  mechanical  union 
of  cosmical  masses,  and  thus  reduces  to  the  same  homo- 
geneous process,  the  beat  stored  up  in  the  body  of  the 
earth,  and  the  heat  emitted  by  the  sun. 

Without  doubt  the  whole  surface  of  the  sun  displays  an 
unbroken  ocean  of  fiery  fluid  matter.  On  this  ocean  rests 
an  atmosphere  of  glowing  gas — a  flame  atmosphere,  or 
photosphere.  But  gaseous  substances,  when  compared  with 
solid  ones,  emit,  even  when  their  temperature  is  very  high, 
only  a  feeble  and  transparent  light.  Hence  it  is  probable 
that  the  dazzling  white  light  of  the  sun  comes  through  the 
atmosphere,  from  the  more  solid  portions  of  the  surface.* 

There  is  one  other  consideration  connected  with  the 
permanence  of  our  present  terrestrial  conditions,  which  is 
well  worthy  of  our  attention.  Standing  upon  one  of  the 
London  bridges,  we  observe  the  current  of  the  Thames  re- 
versed, and  the  water  poured  upwards  twice  a-day.  The 
water  thus  moved^rubs  against  the  river's  bed  and  sides, 
and  heat  is  the  consequence  of  this  friction.  The  heat  thus 
generated  is,  in  part,  radiated  into  space,  and  there  lost,  as 
far  as  the  earth  is  concerned.  What  is  it  that  supplies 
this  incessant  loss  ?  The  earth's  rotation.  Let  us  look  a 
little  more  closely  at  this  matter.  Imagine  the  moon  fixed, 
and  the  earth  turning  like  a  wheel  from  west  to  east  in  its 
diurnal  rotation.  A  mountain  on  the  earth's  surface,  on 
approaching  the  moon's  meridian,  is,  as  it  were,  laid  hold 
of  by  the  moon ;  forms  a  kind  of  handle  by  which  the 
earth  is  pulled  more  quickly  round.  But  when  the  meridian 
U  passed  the  pull  of  the  moon  on  the  mountain  would  be 

*  I  am  quoting  here  from  Mayer,  but  ibis  is  tbe  exact  Tiew  now  enter- 
tained by  Eirchhof.  We  see  the  solid  or  liquid  mass  of  the  sun  through 
his  photosphere. 
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in  the  opposite  direction ;  it  now  tends  to  iHminiBh  the 
velocity  of  rotation  aa  much  as  it  previously  angmentcd  it ; 
and  thus  the  action  of  all  fixed  bodies  on  the  earth's  sur- 
face is  neutralised. 

But  BuppoBO  ibo  mountain  to  lie  aUoaya  to  the  cast  of 
the  moon''s  meridian,  the  pull  then  would  be  always  exert- 
ed against  the  carlli's  rotation,  the  velocity  of  which  would 
be  diminished  in  a  degree  corresponding  to  the  strengtJi  of 
the  pull.  The  tidal  wave  occupies  this  position — it  liea  al- 
ways to  the  east  of  the  moon'a  meridian  ;  the  waters  of  tho 
ocean  are,  in  part,  dragged  as  a  brake  along  the  surface  of 
the  eailh,  and  as  a  brake  ttiey  must  diminish  the  velocity, 
of  the  earth's  rotation.  The  diminution,  though  inevitable, 
is,  however,  too  small  to  make  itself  fult  within  the  period 
over  which  observationB  on  the  subject  extend.  Suppos- 
ing, then,  that  we  turn  a  mill  by  the  action  of  the  tide,  and 
produce  heat  by  the  friction  of  the  millstones ;  that  heat 
haa  an  origin  totally  different  fiom  the  heat  producoJ  by 
another  pair  of  millstones  which  are  turned  by  a  mountain 
stream.  The  former  is  produced  at  tlie  expense  of  tho 
earth's  rotation ;  the  latter  at  the  expense  of  the  aun's  r:u 
diation,  which  Ufted  tho  millstream  to  its  source." 

Such  is  an  outline  of  the  3Ieteoric  Theory  of  the  sim's 
heat,  as  extracted  from  Mayer's  Essay  on  Celestial  Dynam- 
ics. I  have  held  closely  to  his  statements,  and  in  most 
cases  simply  translated  his  words.  But  the  sketch  convey* 
no  adequate  idea  of  tho  firmness  and  consistency  vith 
which  he  has  applied  his  principles.  He  deals  with  true 
causes ;  and  the  only  question  that  can  afieet  his  theory  re- 
fers to  the  quantity  of  action  which  ho  has  ascribed  totlieso 
causes.  I  do  not  pledge  myself  to  tliis  theory,  nor  do  I  >»Ie 
you  to  accejit  it  as  demonstrated  ;  Still  it  would  be  a  gnM 
mistake  to  regard  it  as  chimerical.    It  is  a  noble  specula- 

'  Djiiiiiutk  doa  [limiiicla  Ji.  S8,  &c. 
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tion ;  and  depend  npon  it,  the  true  theory,  if  this,  or  some 
fomi  of  il,  bo  not  tlie  true  one,  will  not  appear  less  wild  or 
leaa  uetounding.* 

Mayer  published  hia  Essay  in  1818;  five  years  after- 
wards Mr.  Waterston  sketclied,  independently,  a  similar 
theory,  at  the  Hull  Meeting  of  the  Biiiish  Association. 
The  Transactions  of  llie  Royal  Society  of  Edinburgh  for 
1854  contain  an  extremely  beautiful  memoir,  by  Professor 
William  Tliomson,  in  which  Mr.  Wateralon'e  Bketch  is  de- 
veloped.   He  considers  tliat  the  meteors  which  are  to  fur- 
nish stores  of  energy  for  onr  future  eonlight,  lie  principally 
^vitliin  the  earth's  orbit,  and  that  wo  see  them  there,  as  the 
I  Light, '  an  illuminated  shower,  or  rather  tornado, 
t  stones '  (Herschel,  §  89V).     Thus  he  points  to  the  preoiBO 
rarce  of  power  previously  indicated  by  Mayer.    '  In  con- 
'  dusion,  tiien,'  iVTitcs  ProfeBSor  Thomson,  '  the  source  of 
I   energy  from  which  solar  beat  is  derived  is  undoubtedly 
meteoric.  .  .  .  The  principal  source — perhaps  the  sole  ap- 
preciable efficient  source — is  in  bodies  circulating  round  the 

"  Wliilo  prepnrmg  these  shaclB  finally  for  prcea,  I  hud  occnsion  10  look 
Dto  the  wrilingB  of  Mayer,  and  the  clToct  nnfl  a  revival  of  ILo 
It  with  which  I  Grat  read  (hem.     Dr.  Mayer  was  ■  working  phjlidan 
M  little  Germui  townof  HGilbronn,  who,  in  1840,  mado  the  ot)W!rTa^(ni 
lO  rcnouB  blood  of  a  fevGriiih  palieni  in  the  tropics  was  redder  than 
*  northern  latitudes.     Slartiog  Irom  this  ract.  while  engaged  in  tho 
a  laborious  profeaaioD,  and  appnrcutlj  without  a  single  kindred 
3  support  and  animate  him,   Uaycr  raised  his  mind  to  the  luvcl 
::  rcrerences  made  to  Us  works,  throu(;hou(  this  book.     In 
2  be  publithod  his  first  memoir  '  On  (he  Forces  of  Inorganic  Nature ; ' 
liU  ' Orgnnio  Motion'  was  published;  and  in  1848,  his  'Celestial 
I '  appeared.     Aflcr  this,  his  overtasked  brain  gave  way,  uiU  a 
d  Mtlled  OD  the  intellect  which  had  accomplished  so  muuh.    The  shade 
ir,  was  but  temporary,  and  Dr.  Mayer  is  now  restored.     I  have  uever 
lim,   nor  has  a  line   of  corregpondenco   ever  passed  between  ug. 
Ij  and  niHsclcssty  lie  hoi  don«  his  work ;  and  bavinf;  spoken  of  his 
u  accident  made  it  my  duly  (o  tpcnli,  I  caiilldonlly  leave  tolustory 
«  of  bis  fame. 


eon  at  present  ma'ide  the  earth's  orbit,  aai  pTobaMly  a 
in  the  aiinliglit  l>y  na  called  "  Zodiacal  .Light."  The  store 
of  energy  for  future  sunlight  is  at  present  p.-vrlly  dynamical 
— tliat  of  the  motions  of  these  bodies  round  tho  sun ;  and 
jiartly  potential — that  of  their  graTitalion  towaitls  the  Ban. 
Tills  latter  is  gradually  bebg  Epent,  half  against  the  resist- 
ing medium,  and  half  in  caus'mg  a  continaoiis  increase  of 
the  former.  Each  meteor  thus  goes  on  inovmg  faster  and 
faster,  and  getting  nearer  and  nearer  the  centre,  until  soma 
time,  very  suddenly,  it  gets  so  much  entangled  in  the  solar 
.itmosphere  as  to  hcgin  to  lose  velocity.  In  a  few  seconds 
more  it  is  at  rest  on  the  sun's  aurfiico,  and  the  energy  givca 
up  is  \ibrated  across  the  district  whore  it  was  gatbored 
diuTng  so  many  ages,  ultimately  to  penetrate,  as  light,  (Lq 
remotest  regions  of  space.' 

Prom  the  tables  published  by  Prof.  Thomson  I  extract 
the  following  interesting  data;  firstly,  with  reference  to 
the  amount  of  heat  equivalent  to  the  rotation  of  the  sun 
and  planets  round  their  axes ;  tho  amount,  that  ia,  wlucb 
would  be  generated,  supposing  a  brake  applied  at  the  bup. 
faces  of  the  sun  and  planets,  until  the  motion  of  rotation, 
was  entirely  stopijcd :  secondly,  witli  reference  to  tha 
amount  of  heat  due  to  tho  sun's  gravitation — tho  heat, 
that  is,  which  would  be  developed  by  each  of  the  phmo^ 
in  falling  into  tlie  sun.  The  quantity  of  heat  is  expressed  ia 
terms  of  the  time  during  which  it  would  cover  the  iohu 
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Thus,  if  the  pLinet  Mercury  were  to  striko  the  son,  the 

naantitf  of  heat  geucrated  would  cover  the  solar  emission 

^r  nearly  seven  years ;  while  the  nlioek  of  Jnpitcr  would 

Jover  the  loss  of  32,240  years.     Our  earth,  wonlj  fiirniali 

I,  Bupply  for  95  years.     The  heat  of  rotation  of  the  mm 

md  phineta,  taken  together,  would  cover  the  solar  omia- 

ion  for  134  yeara ;  while  the  total  heat  of  gravitation 

ffhat  produced  by  the  plunete  falling  iuto  the  euu)  would 

rver  the  cmisHion  for  45,589  yeura. 

Whatever  be  the  ultimate  fate  of  the  theory  here 

tketebed,  it  ia  a  great  thing  to  be  able  to  state  the  eondi- 

tloDS  which  certairdy  would  produce  a  sun, — to  be  able  to 

di^ern  in  the  force  of  gravity,  acting  njion  dark  matter, 

the  source  from  which  the  starry  heavens  may  have  been 

derived.    For,  whether  the  sun  he  produced  and  hia  erais- 

I  maintained  by  the  collision  of  cosmteal  masses, — 

i  vfaether  the  internal  heat  of  the  earth  he  the  residue  of 

Llbot  developed  by  the  impact  of  cold  dark  asteroids,  or 

kot,  there  cannot  be  a  doubt  as  to  the  competence  of  the 

sanse  assigned  to  produce  the  effects  ascribed  to  it.     Solar 

Iglit  and  solar  heat  Uo  latent  in  the  force  which  pulls  an 

bpple  to  the  ground,     *  Ci-cated  simply  as  a  difference  of 

«tion  of  attracting  masses,  the  potential  energy  of  grav- 

latlon  was  the  original  form  of  all  the  energy  in  the  nni- 

hrcree.    As  surely  as  iho  weights  of  a  clock  run  down  to 

Mbeir  lowest  position,  from  which  they  can  never  rise  again 

'JinleBB  fi-esb  energy  is  communicated  to  them  from  some 

Kurce  not  yet  eshausted,  bo  surely  must  pL-inet  after 

jnlanet  creep  in,  ago  by  age,  towards  the  sun.     When  each 

Wines  within  a  few  hundred  thousand  miles  of  hia  surfiiuo, 

Kif  he  ia  atill  incandescent,  it  must  be  melted  and  driven 

■•into  viipour  hy  radiant  heat.    Nor,  if  lie  bo  crusted  over 

feftod  become  dark  and  cool  externally,  can  the  doomed 

tjilaDet  escape  its  iiory  etid.    If  it  docs  not  become  incan- 

:WDt,  like  a  Bhootiug  star,  by  friction  in  its  paBsago 
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tbrongh  his  atmospliere,  ita  first  graze  on  his  surfncc  mmt 
produce  a  stnpendoua  flash  of  light  and  heat.  It  may  be 
at  once,  or  it  may  be  after  two  or  ihvee  bounds  like  a  «m- 
non-ehot  ricoehetting  on  a  surface  of  earth  or  water,  the 
whole  mass  must  be  crushed,  melted,  and  evai^orated  by  a 
crash,  generating  in  a  moment  some  thousands  of  times  aa 
mueh  beat  aa  a  coal  of  the  same  size  would  produce  by 
burning.* 

Kelmboltz,  an  eminent  German  phyEiologist,  physicist, 
and  mathematician,  takes  a  somewhat  different  view  of  the 
origin  and  maintenance  of  solar  light  and  heat.  He  staria 
from  the  nebular  hypothesis  of  Laplace,  and  assuming  the 
nebulous  matter,  in  the  first  instance,  to  have  been  of  ox- 
treme  tenuity,  he  determines  the  amount  of  lieat  gener- 
ated by  its  condensation  to  the  present  solar  system.  Sup- 
posing the  apecific  heat  of  the  condensing  mass  to  be  the 
same  as  that  of  water,  then  the  beat  of  condensation 
would  be  sufficient  to  raise  their  temperature  28,000,000° 
Centigrade.  By  far  the  greater  part  of  this  heat  waa 
wasted,  ages  ago,  in  space.  The  most  intense  terrestrial 
combustion  that  we  can  command  is  that  of  oxygen  and 
hydrogen,  and  the  temperature  of  the  pure  oxyhydrogen 
flame  ia  8,061°  C.  The  temperature  of  a  hydrogen  flame, 
burning  in  air,  is  3,359°  C. ;  while  that  of  the  lime  lights 
which  shines  with  such  sunlike  brilliancy,  ia  eetimiitcd  at 
2,000°  C  What  conception,  then,  can  we  form  of  n  tem- 
perature more  than  thirteen  thousand  times  that  of  tba 
Drummond  light  ?  If  our  system  wore  composed  of  pare 
coal,  and  burnt  up,  the  heat  produced  by  its  oombuslion 
would  only  amount  to  yjiajtli  of  that  generated  by  the 
condensation  of  the  nebulous  matter,  to  form  our  solar 
system.  Helmhollz  supposes  this  cnuilensation  M  OUD- 
I  tinnc ;  that  a  virtual  falling  down  of  the  superlicial  portiODs 

•  Tbomaqn  iinii  Tuii  iu  'Good  WunJs,"  Oct.  1802,  p.  GOO. 
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F  tlie  ean  towards  the  contrc  still  takes  place,  a  continaal 

Kvelopmcnt  of  heat  being  the  result.    However  this  may 

I,  he  shows  by  calculation  that  the  shrinking  of  the  auii'a 

iameter  by  nriinj^''  of  its  present  length,  would  generate 

a  amount  of  heat  competent  to  cover  the  solar  emission 

for  2,000  years ;  while  the  shrinking  of  the  sun  from  its 

present  mean  density  to  that  of  the  earth,  would  have  its 

equivalent  in  an  amount  of  heat  competent  to  cover  the 

,  present  solar  emission  for  17,000,000  of  years. 

w~     'But,'  continues  IlelmholtK, 'though  the  store  of  our 

['planetary  system  is  so  immense  that  it  has  not  been  sensi- 

Wy  diminished  by  the  incessant  emission  which  has  gone 

on  during  the  period  of  man's  history,  and  though  the 

time  which  must  elapse  before  a  sensible  change  in  the 

condition  of  our  planetary  system  can  occur,  is  totally  be- 

krond  oar  comprehension,  the  inexorable  laws  of  mechan- 

s  show  that  this  store,  which  can  only  suffer  loss,  and 

Mot  gain,  must  finally  be  exhausted.    Shall  wo  terrify  our- 

plves  by  this  thought  ?    We  are  in  the  habit  of  measur- 

pg  the  greatness  of  the  universe,  and  the  wisdom  dis- 

Uycd  in  it,  by  the  duration  and  the  profit  which  it  prom- 

)  to  our  own  race ;  but  the  past  history  of  the  earth 

^feows  the  insignificance  of  the  inter\al  during  which  man 

I  his  dwelling  here.     What  the  museums  of  Eurojw 

s  of  the  remains  of  Egyjtt  and  Assyria  we  gaze 

>on  with  silent  wonder,  in  despair  of  being  able  to  caiTy 

K^liack  our  thoughts  to  a  period  so  remote.     Still,  the  humau 

^^Me  must  have  existed  and  multiplied  for  ages  before  the 

ramids  could  liave  been  erected.    We  estimate  the  du- 

Mtion  of  human  history  at  6,000  years ;  but,  vast  as  this 

me  may  appear  to  ua,  what  is  it  in  comparison  with  the 

Tied  during  which  the  earth  hore  successive  series  of 

ink  plants  and  mighty  animals,  but  no  men  ?  *    Periods 

*  TUe  alHcnco  or  men  mn;  l>c  doubted.    See  Lubbouk'i  arliclo  on  Itin 

bnliiluUj  orNiiTi,'iDlhc'N:anra1  lll^lnry  Review,' Jul;,  ISO!,  p.  SOT. 
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during  wliich,  in  our  own  oeigliboarhood  (Koiiigsbcrg), 
ttie  nraber-trci'  bloomed,  niid  dropped  its  costly  gum 
the  earth  and  in  the  sea;  when  in  Europe  and  Xorth 
America  groves  of  tropical  palms  flourished,  in  which  f^ 
gantiu  liz.irilB,  and,  alter  them,  elepliants,  whose  mtghtj 
remains  are  still  buried  in  the  earth,  found  a  lionte. 
Different  geologiats,  proceeding  from  different  prcmiseBj 
have  sought  to  estimate  the  length  of  the  above  period, 
and  they  set  it  down  from  one  to  nine  millions  of  yean. 
The  time  during  which  the  carlh  has  generated  orgao{o 
beings  is  again  small,  compared  with,  the  agca  dorif^ 
which  the  world  was  a  mass  of  molten  rocks.  The  ex- 
periments of  Bischof  upon  basalt  show  that  otir  globe 
would  require  350  millions  of  years  to  cool  down  from' 
2,000°  to  200°  Centigrade.  And  with  regard  to  the  period 
during  which  the  first  nebulous  niassea  condensed,  to  famt 
our  planetary  system,  conjecture  rauat  entirely  cease.  Th« 
history  of  man,  therefore,  is  bnt  a  minute  ripplo  i 
infinite  ocean  of  time.  For  a  much  longer  period  thaa 
that  during  which  he  has  already  occupied  tlus  world,  ths' 
existence  of  a  «tate  of  inorganic  nature,  favourable  tO' 
man's  continuance  here,  ecems  to  be  secured,  bo  that  for 
ourselves,  and  for  long  geucrations  after  us,  we  h.ave  noth- 
ing to  fear.  But  the  same  forces  of  air  and  water,  and  of 
the  volcanic  interior,  which  produced  former  geolo^o  rev- 
olntions,  burying  one  serieB  of  living  forms  after  aootlier, 
etill  act  upon  the  earth's  crust.  Tbey,  rather  than  tbow 
distant  cosmical  changes  of  which  we  have  spoken,  will 
put  an  end  to  the  human  race ;  and,  perhaps,  compol 
make  way  for  new  and  more  complete  forms  of  life,  ai  the 
lizanl  and  the  mammoth  have  given  v/ay  to  na  and  oui 
con  temporaries.* 

With  reference  to  the  opcratious  of  the  sun  upon  tlio 

"  Wcchetlwlrltuiig  iter  KuturkrUftr.    ITiil.  Mn- ,  Sw.  IV,  vol  It  p.  BIS. 
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eartli,  its  oceau  and  Us  atraosphcro,  the  followiug  remark- 
able passage  was  written  by  Sir  John  Herschel  thirty-two 
t*jMra  ago,*    '  The  sun's  rays  are  tlio  ultimate  source  of 
tnost  every  motion  which  takes  place  on  the  surface  of 
{be  earth.     By  its  heat  are  produced  all  winds,  aud  thoao 
stnrbancea  in  the  electric  equilibrium  of  the  atmoepliere 
■rluuh  give  rise  to  the  phenomena  of  lightning,  and  prob- 
Idy  also  to  terrestrial  magnetism  and  the  Aurora.    By 
their  \-ivifying  action  vegetables  are  enabled  to  draw  sup- 
'port  from  iuorganio  matter,  and  become  in  their  turn  the 
support  of  animals  and  man,  and  the  som-ce  of  those  great 
deposits  of  dynanucal  efficiency  wliich  are  laid  up  for  hu- 
ll nae  in  our  eoal  strata.    By  them  the  waters  of  the  sea 
e  made  to  circulate  in  vapour  through  the  air,  aud  irri- 
e  the  laud,  producing  springs  and  rivers.    By  them  are 
»duccd  all  disturbances  of  the  chemical  equilibrium  of 
e  elements  of  nature,  which  by  a  scries  of  compositions 
i  decompositions  give  rise  to  new  products  and  originate 
^transfer  of  materials.    Even  the  slow  degradation  of  the 
lUd  constituents  of  the  surface,  in  which  its  chief  geo- 
^CrI  change  consists,  is  almost  entirely  due,  on  the  one 
lod,  to  the  abrasion  of  wind  or  rain  and  the  alternation 
tat  and  frost ;  on  the  other,  to  the  continual  beating 
a  waves  agitated  by  winds,  the  results  of  solar  radia- 
Tidal  action  (itself  partly  due  to  the  sun's  agency) 
rciscs  here  a  comparatively  alight  influence.    The  effect 
f  oceanic  currents  (mainly  originating  in  that  influence), 
ragh  slight  in  abrasion,  is  powerful  in  diffusing  aud 
msporting  the  matter  abraded ;  and  when  we  consider 
e  immenBo  transfer  of  matter  so  produced,  the  increaio 
f  presBHrc  over  large  spaces  in  the  bed  of  the  ocean,  and 
ininntion  over  corresponding  portions  of  the  land,  wc 
■  not  at  a  loss  to  perceive  how  the  clastic  force  of  sub- 

*  OuUlaM  or  Atlrniioiiiy,  18S3. 
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teiranoan  fires,  thus  repressed  on  tbe  one  band  and  rcJeat 
on  the  other,  may  "break  forth  in  points  where  the  reeisi 
ance  is  barely  adequate  to  their  retention,  and  thas  bnn^ 
the  phenomena  of  even  volcanic  activity  under  the  genera 
law  of  solar  influence.' 

Tliis  fine  passage  requires  but  the  breath  of  recent  ii 
Tfsligation  to  convert  it  into  an  exposition  of  tbe  law  O 
the  conservation  of  energy,  as  applied  to  both  the  org 
and  inonjanio  world.     Late  discoveries  have  taaght  i 
that  winds  and  rivers  have  their  definite  thermal  valueq 
and  that,  in  order  to  produce  their  motion,  aa  equivald 
amount  of  solar  heat  has  been  consumed.     "While  the  j 
exist  as  winds  and  rivers,  the  heat  expended  in  produri 
them  has  ceased  to  exist  as  heat,  being  converted  1 
mechanical  motion ;  but  when  that  motion  is  arrested,  t! 
heat  which  produced  it  is  restored.    A  river,  in  deacondii]| 
from  an  elevation  of  7,720  feet,  generates  an  amonnt  fl 
heat  competent  to  augment  its  own  temperature  1 0°  FahrS 
and  thit!  amount  of  heat  was  abstracted  from  the  ean,  iM 
order  to  Utl  the  matter  of  the  river  to  tbe  elevation  fro^ 
which  it  falls.     As  long  as  tho   river  eontinues  on  tlM 
heights,  whether  in  the  solid  form  as  a  glacier,  or  in  th( 
liquid  form  as  a  lake,  the  heat  expended  by  the  sun  in  lift*^ 
ing  it  has  disappeared  from  the  universe.     It  has  be«B,!j 
consumed  in  the  act  of  lifting.    But  at  the  moment  th^ 
tbe  river  starts  upon  its  downwanl  course,  and  e 
the  resiHtancc  of  its  bed,  the  heat  expended  in  its  e\eyj{ 
tion  begins  to  be  restored.    Tlie  mental  eye,  indeed,  c 
follow  the  emission  from  its  source,  through  tho  ether  A 
ribratory  motion,  to  the  ocean,  where  it  ceases  to  be  v' 
bration,  and  takes  the  potential  fonn  among  the  niolecol 
of  aqueous  vapour ;  to  the  mountain-top,  where  the  bet 
absorbed  in  vaporization  !a  given  .out  iu    coudensatioi 
while  that  expended  by  the  sim  in  U/ttng  tho  water  to  i! 
preKenV  elevation  is  still  unreslored.     This  wo  find  paid 
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back  to  the  last  unit  by  the  friction  along  the  river's  bed ; 
at  the  bottom  of  the  cascades  where  the  plunge  of  the 
torrent  is  suddenly  arrested ;  in  the  w^armth  of  the  ma- 
chinery turned  by  the  river ;  in  the  spark  from  the  mill- 
stone ;  beneath  the  crusher  of  the  miner ;  in  the  Alpine 
saw-mill ;  in  the  milk-churn  of  the  chalet ;  in  the  supports 
of  the  cradle  in  wliich  the  mountaineer,  by  water  power, 
rocks  his  baby  to  sleep.  All  th«  forms  of  mechanical  mo- 
tion here  indicated  are  simply  the  parcelling  out  of  an 
amount  of  calorific  motion  derived  originally  from  the 
sun ;  and  at  each  point  at  which  the  mechanical  motion 
is  destroyed,  or  diminished,  it  is  the  sun's  heat  which  is 
restored. 

We  have  thus  far  dealt  with  the  sensible  motions  and 
energies  which  the  sun  produces  and  confers ;  but  there 
are  other  motions  and  other  energies,  whose  relations  are 
not  so  obvious.  Trees  and  vegetables  grow  upon  the 
earth,  and  when  burned  they  give  rise  to  heat,  from  which 
immense  quantities  of  mechanical  energy  are  derived. 
What  is  the  source  of  this  energy  ?  Sir  John  Ilerschcl 
answered  this  question  in  a  general  way;  while  Dr.  Mayer 
and  Professor  Helmholtz  fixed  its  exact  relation  to  the 
more  general  question  of  conservation.  Let  me  try  to  put 
their  answers  into  plain  words.  You  see  this  iron  rust, 
produced  by  the  falling  together  of  the  atoms  of  iron  and 
oxygen ;  but  though  you  cannot  sec  this  transparent  car- 
bonic acid  gas,  it  is  formed  by  tlie  union  of  carbon  and 
oxygen.  These  atoms  thus  united  resemble  a  weight  rest- 
ing on  the  earth;  their  mutual  attraction  is  satisfied.  l>ut 
as  I  can  wind  up  the  weight,  and  prepare  it  for  another 
fall,  even  so  these  atoms  can  be  wound  up,  separated  ironi 
each  other,  and  thus  enabled  to  repeat  the  process  of  com- 
bination. 

In  the  building  of  plants,  carbonic  acid  is  tlie  material 
from  which  the  carbon  of  the  plant  is  dorivetl,  while  water 
22 


606  lectcbe:  xht. 

is  the  substance  from  wttcli  it  obtains  its  hydrogen.  T 
solar  beam  winds  np  the  weight;  it  is  the  agent  whi 
severs  llie  atoms,  setting  the  oxygen  free,  and  allowi 
tie  carbon  and  the  hydrogen  to  aggregate  in  woody 
If  the  sun's  rays  fall  upon  a  surface  of  sand,  the 
is  heated,  and  finally  radiates  away  as  much  heat  as  iti 
eeives ;  but  lot  the  sanio  beams  fall  upon  a  forest ;  tb> 
the  quantity  of  heat  given  back  is  less  than  that  reeeiw 
for  a  portion  of  the  sunbeams  is  invested  in  the  buildii 
of  the  trees.  Wc  have  already  seen  how  heat  is 
in  forcing  asunder  the  atoms  of  bodies;  and  how  it  n: 
poars,  when  the  attraction  of  the  separated  atoms  eoi 
again  into  play.*  The  precise  considerations  which 
then  applied  to  heat.,  we  liave  now  to  apply  to  light,  for 
is  at  the  expense  of  the  solar  light  that  the  chemical  d 
composition  takes  place.  Without  the  sun,  the  reductl 
of  the  carbonic  acid  and  water  cannot  ho  eflected ;  and, 
this  act,  an  amount  of  solar  energy  is  consumed,  exact 
equivalent  to  the  molecular  work  done. 

Combustion  is  the  reversal  of  this  process  of  rcdnctli; 
and  all  the  energy  invested  in  a  plant  reappears  tia  bci 
when  the  plant  is  burned.  I  ignite  this  bit  of  cotton, 
bursts  into  flame;  the  oxygen  again  unites  with  itaci 
bon,  and  an  amount  of  heat  is  given  out,  equal  to  tl 
originally  sacrificed  by  the  sun  to  form  the  bit  of  cotto 
So  also  as  regards  the  '  deposits  of  dynamical  effiinonc; 
laid  up  in  our  coal  strata ;  lliey  are  simply  the  8un'«  n 
in  a  potential  form.  We  dig  from  our  pits,  annnall 
eighty-four  millions  of  tons  of  coal,  the  mechaniool  equl 
alent  of  which  is  of  almost  fabulous  vaslness,  Tbo  coi 
bnslion  of  a  single  ponnd  of  coal  in  one  minute  is  equ 
to  the  work  of  throe  hundred  horses  for  the  same  tie 
It  would  require  one  hundred  and  eight  milUons  of  hoPM 
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working  day  and  night  Tfith  unimpaired  rtrongth  for  a 
year,  to  perform  an  amount  of  work  equivalent  to  the  en- 
Han^  wtiieh  the  sau  of  tbo  Carltoniferoufl  epocb  invested  ia 
^^■U  jtar^a  produce  of  our  coalpitB. 

The  further  -we  pursue  this  subject,  the  more  its  inter- 

t  st  and  Its  wonder  grow  upon  us.    I  have  shown  you  how 

I  ftin  may  be  produced  by  the  nicro  exercise  of  gravita- 

ijfig  force;  that  by  the  collision  of  cold  dark  planctiiry 

maaaea  the  light  and  heat  of  our  central  orb,  and  also  of 

^^Bg  fixed  GtarE,  may  be  obtained.    But  here  wc  find  the 

Btyyaical  powers,  derived  or  derivable  from  the  action  of 

'gravity  npon  dead  matter,  introducing  themselves  at  the 

very  root  of  the  question  of  vitality.     We  find  in  solar 

light  and  heat  the  very  mainspring  of  vegetable  life. 

^g      Nor  can  we  halt  at  the  vegetable  world,  for  it,  mo 

H^tely  or  immediately,  ia  the  source  of  all  animal  life. 

^Hpme  animals  feed  directly  on  plants,  others  feed  upon 

their  herbivorous  fcllow<reatures ;  but  all  in  the  long  run 

' '  1  rive  life  and  energy  from  the  vegetable  world ;  all,  ihere- 

ire,  as  UelmholtK  has  remarked,  may  trace  their  lineage 

■  1  ■  the  sun.    In  the  animal  body  the  carbon  and  hydrogen 
'  t  tho  vegetable  are  again  brought  into  contact  with  the 

■  ■  i  ygen  from  which  they  had  been  divorced,  and  which  ia 
now  supplied  by  the  Inngs.    Renniou  takes  place,  and  ani- 

t  is  the  result.     Save  as  regards  intensity,  there  ia 

renco  between  the  combustion  that  thus  goes  on 

iH,  and  that  of  an  ordinary  fire.     The  products  of 

(Dbufltion  arc  in  both  cases  tho  same,  namely,  carbonic 

1  and  water.     Looking  then  at  the  phybics  of  the  qnes- 

1,  wo  ace  that  the  fonnatiAii  of  a  vegetable  is  a  process 

r  up,  while  the  formation  of^au  animal  is  a  pro- 

k  of  running  down.     This  \*  the  rhythm  of  Katuro  as 

IpBod  to  nnimnl  and  vcgct.iblu  life, 

t  is  there  nothing  in  the  human  body  to  liberate  it 
a  that  chain  of  necessity  which  the  law  of  conserv'ation 
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coils  around  iDorganic  nataro  ?  Look  at  ttro  niiii  ujxrti 
moantnin  side,  with  pqnal  health  and  pliysical  Mrtnffl' 
the  OTIC  will  Bink  and  fail,  wtiilo  tlie  other,  with  d<.-teRiiina 
energy,  scales  tho  enmniit.  lias  iiot  volition,  in  this  a 
a  creative  power?  Phyaically  considered,  the  law  lb 
rules  the  operations  of  a  steam-engine  rnlcs  the  opcraUo 
of  tho  climber.  For  every  pound  raised  by  thp  former, 
ecinlvaleut  quantity  of  the  heat  diaappoars;  and  for  cvc 
Btop  the  climber  ascends,  an  anionnt  of  heat,  oqatval 
jointly  to  hia  own  weight  and  tho  height  to  which  it 
raised,'  is  lost  to  Ins  body,  Tlio  Etrong  will  can  dn 
largely  upon  the  physical  energy  furnished  by  the  S 
but  it  can  create  nothing.  Tlic  function  of  the  will  is 
apply  and  direct,  not  to  create. 

I  havo  just  snid,  that  as  a  climber  ascends  a  mouata 
hcnt  disappears  fi-om  his  body;  the  same  statement  appl 
to  animals  performing  work.  It  would  appear  to  foIlQ 
from  this,  that  iho  body  ought  to  grow  colder,  in  tha  I 
of  climbing  or  of  working,  whereas  universal  cxpciiet 
proves  it  to  grow  warmer.  Tlie  solution  of  this  scemi 
contradiction  is  found  in  the  fact,  that  when  the  n 
are  exerted,  augmented  respiration  aud  increased  chemM 
action  Bct  in.  The  bellows  which  urge  oxygen  into  t 
tire  within  are  more  briskly  blown,  and  tliuft,  though  h 
actually  disappears  as  we  climb,  tlie  loss  is  more  than  o 
ered  by  the  increased  activity  of  the  chemical  processej 

Heat  is  developed  in  a  muscle  when  it  coutraob, 
was  proved  by  MM.  Becquercl  and  Breschet,  by  meuts 
a  modification  of  our  therrao-electrio  i)ile,  JIM.  BiUra 
and  Fick  have  found  that  in  the  case  of  persons  who  ( 
from  tetanus,  tho  temperature  of  the  mnBCles  ia  somfltiD 
nearly  eleven  degrees  Fahrenheit  in  excess  of  the  norn 
temperature.  M,  Ilclmholtz  has  found  that  the  mnsc 
of  dead  frogs  in  coutrocting  produce  heat ;  and  an  ( 
trcracly  imjiortaiit  i-esult  ns  rcjiai^s  the  infliicnuc  of  o 
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traction  has  been  obtained  by  Professor  Ludwig  of  Vienna 
and  bis  pupils.  Arterial  blood,  you  know,  is  cliarged  with 
oxygen :  when  this  blood  passes  through  a  muscle  in  an 
ordinary  uncontracted  state,  it  is  changed  into  venous 
blood,  which  still  retains  about  1^  per  cent,  of  oxygen. 
But  if  the  arterial  blood  pass  through  a  contracted  muscle, 
it  is  almost  wholly  deprived  of  its  oxygen,  the  quantity 
remaining  amounting,  in  some  cases,  to  only  1^^^  per  cent. 
As  a  result  of  the  augmented  combustion  within  the  mus- 
cles when  in  a  state  of  activity,  we  have  an  increased 
amount  of  carbonic  acid  expired  fi-om  the  lungs.  Dr.  Ed- 
ward Smith  has  shown  that  the  quantity  of  this  gas  ex- 
pired during  periods  of  great  exertion  may  be  five  times 
tliat  expired  in  a  state  of  repose. 

Now  when  we  augment  the  temperature  of  the  body 
by  labour,  a  portioii  only  of  the  excess  of  heat  generated 
is  applied  to  the  performance  of  the  work.  Suppose  a 
certain  amount  of  food  to  be  oxidized,  that  is  to  say,  burnt, 
in  the  body  of  a  man  in  a  state  of  repose,  the  quantity  of 
heat  produced  in  the  process  is  exactly  that  which  we 
should  obtain  from  the  direct  combustion  of  the  food  in 
an  ordinaiy  fire.  But  suppose  the  oxidation  of  the  food 
to  take  place  while  the  man  is  performing  work,  then  the 
heat  generated  in  the  body  falls  short  of  that  which  could 
be  obtained  from  direct  combustion.  An  amount  of  lieat 
Is  missing,  equivalent  to  the  work  done.  Supposing  the 
work  to  consist  in  the  development  of  heat  by  friction, 
then  the  amount  of  heat  thus  generated  outside  of  the 
man's  body  would  be  exactly  that  which  was  wanting 
within  the  body,  to-make  the  heat  there  generated  equal 
to  that  produced  by  direct  combustion. 

It  is,  of  course,  easy  to  determine  the  amount  of  heat 
consumed  by  a  mountaineer,  in  lifting  his  own  body  to 
any  elevation.  When  lightly  clad,  I  weigh  10  stone,  or 
140  lbs. ;  what  is  the  amount  of  heat  consumed,  in  my 
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case,  ill  climbiiig  from  tlio  sea-lovcl  to  tlio  top  of  1 
Blauc?    Tlio  height  of  tbo  moaDtain  is  15,774  fuel;  an 
for  every  pouud  of  my  body  raised  to  a  height  of  778  fcfl 
n  quantity  of  heat  is  coDsiimc4,  siiliiclctit  to  raise  tba  ten 
porature  of  a  ponnd  of  wiiter  1°  Fahr.    Consequently,  t 
climhing  to  a  height  of  15,774,  or  about  20}  times  7J 
foet,  I  couBumo  an  atuount  of  heat  snfficiest  to  roiae  i 
temperature  of  140  Iba.  of  water  20j°  Fahr.     U,  on  t 
Other  hand,  I  could  seat  myself  at  the  top  of  ll 
and  perform  a  glissade  to  the  eea-level,  the  quantity  of  Iici 
generated  by  the  descent  would  be  precisely  equal  to  tin 
consumed  in  the  ascent.    I  have  bad  occasion  more  t 
onco  to  direct  your  attention  to  the  energy  of  moleculi) 
forces,  and  I  would  do  bo  here  onco  more.     Measnrcd  I 
one's  feelings,  the  amount  of  exertion  necessary  to  reac 
the  top  of  Mont  Blanc  is  very  great.     St!U,  tlie  < 
wlrich  pcrfonna  this  feat  would  be  derlFed  from  the  coo 
bnstion  of  about  two  ounces  of  cai'bon.     In  the  case  of 
esccllent  steam-engine,  about  one-teotfa  of  the  b«ftt  c 
ployed  is  converted  into  work ;  the  remaining  nine-tcntl 
being  wasted  in  the  air,  the  coudeuecr,  ifcc.     In  the  eat 
of  an  active  mountaineer,  ns  mueh  as  onc-tifth  of  the  hea 
due  to  the  oxidation  of  his  food  may  be  converted  tnJ 
work;  henee,  as  a  working  machine,  the  animal  body 
much  more  perfect  than  tbo  steam-engine. 

We  see,  however,  that  Jjic  engine  and  tbo  animal  A 
rive,  or  may  deiivo  those  powers  from  the  st'l&anie  a 
We  can  work  an  engine  by  the  direct  combustion  of  ti 
substances  which  we  employ  as  lood ;  and  if  o 
were  so  constituted  as  to  digest  coal,  we  sboiUd,  tu  Heh 
boltz  has  remarked,*  be  able  to  derive  our  energy  fl 
this  substance.    The  grand  point  i>cntia»cut  throogluH 
all  these  considerations  is,  that  nothing  is  a-eatid. 
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P  make  no  mavemcDt  wliicli  is  not  accounted  fur  by  tliQ 

teaiporaneoiiB    extinction   of  Bome   other   movement, 

1  how  comjflicnteil  Boerer  tbo  motions  of  Animals  may 

■ivhatever  may  be  tie  change  which  the  molecules  of 

|food  undorgij  wilbln  oar  bodies,  the  whole  energy  of 

lal  life  consists  in  tlie  fkUiD<!;  of  the  atoms  of  carbon 

I  hydrogen  and  nitrogen  from  the  high  level  which 

f  occupy  in  the  food,  to  the  low  level  which  they  oc- 

I  they  ijuit  the  body.     But  what  has  enabled 

I  carbon  and  the  hydrogeu  to  fall  ?    What  first  raised 

1  to  the  level  which  i-endercd  the  fall  possible  ?     We 

:  already  learned  that  it  is  the  san.     It  is  at  his  cost 

%  animal  heat  is  produced,  and  anitual  motion  accom- 

ibed.    Not  only  then  is  the  sun  eliUled,  that  we  may 

e  our  fires,  but  he  is  likewise  chilled  that  we  may  have 

fc  powers  of  locomotion. 

pThe  subject  is  of  such  va^  importance,  imd  is  so  sure 

inge  the  whole  future  course  of  philosophic  thought, 

A I  will  dwell  upon  it  a  little  longer.    I  will  endeavour, 

kreference  to  analogical  processes,  to  give  you  a  clearer 

a  of  the  part  played  by  the  etin  in  vital  actions.     Wo 

B  water  by  mechanical  action  to  a  high  level ;  and 

1  water,  in  descending  by  its  own  gravity,  may  be 

tde  to  assume  a  variety  of  forms,  and  to  perform  various 

s  of  mechanical  work.    It  may  be  made  to  fall  in  cas- 

i,  rise  in  fountains,  twirl  in  the  most  complicated  ed- 

I,  or  flow  along  a  nniibi-m  be>L     It  may,  moreover,  bo 

laloycd  to  turn  wheels,  wield  IiammerB,  grind  com,  or 

e  piles.    Now  lher«  is  no  power  created  by  the  wiit*r 

!ng  its  descent.    All  the  energy  which  it  exhibits  is 

rely  tho  parcelling  out  and  distribution  of  the  original 

■gy  which  raised  it  up  on  liigli.     Thus  also  as  regards 

lomplcx  motions  of  a  clock  or  a  watch ;  they  are  cn- 

rty  derived  from  tho  energy  of  the  hand  which  winds 

pp.     Thus  also  tho  singing  of  the  Hltle  Swiss  bird  in 
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the  Intomaiional  Exliibition  of  1892 ;  the  quivering  of  II 
artificial  or^aus,  tho  vibratious  of  the  air  wbicli  Btitkc  Ui 
cur  as  melody,  tho  flutter  of  its  little  wings,  and  all  otlu 
motions  of  tho  pretty  ftntomaton,  wero  eimply  dtHvo 
froB)  the  force  by  whidi  it  was  wotind-njs.  It  givM  on 
nothing  that  it  has  not  rccoived.  In  this  precise  eona 
vou  will  percMiive,  it  tho  energy  of  man  and  animals,  ti 
parcelling  out  and  dietribation  of  an  energy  origiuslt 
exerted  by  the  sun.  In  tlie  vegetable,  as  wo  have  i 
marked,  the  act  of  elevation,  or  of  wiuding-up,  is  pt 
formed;  and  it  is  during  the  descent,  in  the  annual,  ofl! 
carbon,  hydrogen,  and  nitrogen,  to  the  level  from  wlii< 
they  started,  that  the  powers  of  life  appuar. 

But  the  question  ts  not  yet  exhausted.  TbO  wtAi 
whioli  wn  used  in  our  firfit  illnstralion  prodnees  nil  tl 
motion  displayed  in  its  descent,  but  thvj'orm  of  the  mot^c 
depends  on  lite  eliaracter  of  tlie  machinery  interposed  i 
the  path  of  the  water.  And  thus  the  primary  action  ol 
the  Bun's  rays  is  (lualilicd  by  the  atoms  and  moleuuli 
among  which  their  power  ia  dbtributed.  Molecolar  forc( 
dolermine  the  /onn  which  the  solar  energy  will  assuia 
In  the  one  case  this  energy  is  eo  conditioned  by  il 
atomic  machinery  as  to  result  in  the  formation  of  a  eal 
bage;  in  another  case  it  is  bo  conditioned  astoroBoltt 
tho  formation  of  an  oak.  So  ako  as  regards  the 
of  the  earhon  and  the  oxygen — the  form  of  tbeJr  rcnnioi 
is  detoritiined  by  the  molecular  nmchiuery  through  whiol 
the  combining  foroQ  aots.  In  one  ease  the  aotion  may  n 
suit  in  tho  formation  of  fi  man,  while  in  another  It  uai 
result  in  tho  formation  of  a  grasshopper, 

The  matter  of  onr  bodies  ia  that  of  inorganic  oaton 
There  is  no  stibstanec  in  the  animal  tissues  which  ia  ] 
primarily  derived  from  the  rocks,  the  w.iter,  anil  tho  w> 
Aro  the  forces  of  organic  matter,  then,  diflerenl  in  Uni 
from  those  of  inorganic  ?    All  the  philosoi.hy  of  the  prce 
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ent  day  tends  to  negative  the  question ;  and  to  show  that 
it  is  the  directing  and  compounding,  in  the  inorganic  world, 
of  forces  belonging  equally  to  the  inorganic,  that  consti- 
tutes the  mystery  and  the  miracle  of  vitality. 

In  discussing  the  material  combinations  which  result 
in  the  formation  of  the  body  and  the  brain  of  man,  it  is 
impossible  to  avoid  taking  side  glances  at  the  phenomena 
of  consciousness  and  thought.  Science  has  asked  daring 
questions,  and  will,  no  doubt,  continue  to  ask  such.  Prob- 
lems will  assuredly  present  themselves  to  men  of  a  future 
age,  which,  if  enunciated  now,  would  appear  to  most 
people  as  the  direct  offspring  of  insanity.  Still,  though 
the  progress  and  development  of  science  may  seem  to  be 
unlimited,  there  is  a  region  apparently  beyond  her  reach 
— a  line,  with  which  she  does  not  even  tend  to  osculate. 
Given  the  masses  and  distances  of  the  planets,  we  can  in- 
fer the  perturbations  consequent  on  their  mutual  attrac- 
tions. Given  the  nature  of  a  disturbance  in  water,  air,  or 
ether,  we  can  infer  from  the  properties  of  the  medium  how 
its  particles  will  be  affected.  In  all  this  we  deal  with 
physical  laws,  and  the  mind  runs  along  the  line  which 
connects  the  phenomena  from  beginning  to  end.  But 
wlien  we  endeavour  to  pass,  by  a  similar  process,  from  the 
region  of  physics  to  that  of  thought,  we  meet  a  problem 
to  seize  on  which  transcends  any  conceivable  expansion 
of  the  powers  we  now  possess.  We  may  think  over  the 
subject  again  and  again,  but  it  eludes  all  intellectual  pre- 
sentation. Thus,  though  the  territory  of  science  is  wide, 
it  has  its  limits,  from  which  we  look  with  vacant  gaze 
into  the  region  beyond.  We  may  fairly  claim  matter  in 
all  its  forms,  not  only  as  it  appears  in  external  nature ; 
but  even  as  it  exists  in  the  muscles,  blood,  and  brain  of 
man  himself,  it  is  ours  to  experiment  and  speculate  upon. 
Rejecting  the  idea  of  a  '  vital  force,'  let  us  reduce,  if  we 

can,  the  physical  phenomena  of  life  to  attractions  and 

22* 
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hit  hatisg   thns    tihaglrf 
readied  lU  very  rim,  the  rod  mjilery  yM  h 
UL    And  tlma  it  will  ever  loom    crtr  boytad  tl 
of  mitR'a  intelk-ct — giiriog  tbe  pocU  of  ■ 
jiut  ot-ouioD  lo  declue  thst 


Still,  preaenlcd  rightly  to  tbe  mind,  tbe 
and  gcnerulieatioDs  of  modem  icici 
more  suliUmc  tbau  Iian  ever  yet  been  addreeced  lo  tht 
iiu Agination.  Tbe  oaturat  [ibilofiopbcr  of  to-dxy  may  d<rtll 
Rmid  coDceptioDS  wliicb  bt^gar  tboee  of  Milton.  So  grot 
and  grand  ar«  they,  ttiat  In  tbe  contempIattoD  ot  ibem 
n  ccrtaiu  force  of  cbaraeter  is  requisite  to  preserre  ni 
from  bewilderment.  Look  at  the  integrated  energia  of 
our  world, — tbe  Etorcd  ptower  of  oar  coal-fields ;  oar  windl 
nnd  riverC ;  onr  fleets,  armiea,  and  gons.  What  ai«  they? 
Tbey  are  all  generate  by  a  portioB  of  tbe  auu's  energy, 
wbkb  does  not  amount  lo  im^mm  °f  ^^  whole.  Tlus 
t»  ibe  entire  fraction  of  the  ean's  force  intercepted  by  tha 
eartb,  and  wc  convert  but  a.  small  fraction  of  tills  fractioii 
into  mccbanical  energy.  Multiplying  all  our  powers  by 
millions  of  millions,  we  do  not  reach  tbe  son's  expenditure. 
And  Mill,  notwithstanding  tbls  cnonoons  drain,  in  the 
lapse  of  human  hiatory  wc  are  unable  to  detect  a  dimtQU- 
tion  of  hiB  store.  Measured  by  onr  Iarge5t  terrestrial 
standards,  such  a  reservoir  of  power  is  infinite ;  but  it  i: 
oar  privilege  to  rise  above  these  standards,  and  to  regard 
the  sun  himself  as  a  speck  in  infinite  extension — a  mere 
drop  in  tbe  universal  sea.  We  analyse  the  Bpace  in  which 
liA  is  immersed,  and  which  is  the  vehicle  of  his  power. 
Wo  pass  to  other  systems  and  other  buqs,  each  pouring 
forth  energy  Uke  our  own,  hut  still  without  infriugemcnl 


CONCLUSION.  515 

of  the  law,  which  reveaTs  immutability  in  the  midst  of 
change,  wliich  recognizes  incessant  transference  or  conver- 
sion, but  neither  final  gain  nor  loss.  This  law  generalises 
the  aphorism  of  Solomon,  that  there  is  nothing  new  under 
the  sun,  by  teaching  us  to  detect  everywhere,  under  its 
infinite  variety  of  appearances  the  same  primeval  force. 
To  Kature  nothing  can  be  added ;  from  Kature  nothing 
can  be  taken  away ;  the  sum  of  her  energies  is  constant, 
and  the  utmost  man  can  do  in  the  pursuit  of  physical 
truth,  or  in  the  applications  of  physical  knowledge,  is  to 
shift  the  constituents  of  the  never-varying  totaL  The  law 
of  conservation  rigidly  excludes  both  creation  and  annihi- 
lation. Waves  may  change  to  ripples,  and  ripples  to 
waves — magnitude  may  be  substituted  for  number,  and 
number  for  magnitude — asteroids  may  aggregate  to  suns, 
suns  may  resolve  themselves  into  floraa  and  faunie,  and 
florsB  and  faunis  melt  in  air — the  flux  of  power  is  eternally 
the  same — it  rolls  in  music  through  the  ages,  and  all  ter- 
restrial energy — ^the  manifestations  of  life  as  well  as  the 
display  of  phenomena — are  but  the  modulations  of  its 
rhythm. 
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^V'k  havo  now  some  Iianl  work  before  tu;  hitbefto  we  k*n  bi 
iliJIgtited  bj  objects  wliivli  oJ^rescd  UMnach^s  nther  ta  « 
lEi^ettc  tosl«  tiifln  to  oar  adcnttSe  fikctil^. 
pltaMBHj  to  Uio  bsM  of  the  final  ooiu  of  Etaa,  SDd  b 
inutmt  and  niorcli  wearily  tliroa^  mthem  and  Isva,  fl 
ctijof  llio  [iroHfioct  Troni  Ibo  Rnnont,     Onr  problem  ll 
(be  (lark  lines  of  Frannhofcr  iritb  the  bright  ooes  of  ^ 
Tlio  wli!t«  beam  of  the  lamp  m  retncted  in  [m 
twojiriinni,  batib  (Uacrent  conipoutnts  nrv  nCiacUdd 
iI<.VKCs,  and  thoa  ite  colctin  on  drawn  apart.     NaWfl 
ilepcodii  aoldj  upon  the  rate  of  otsdibiliaa  of  Um  p 
Ituninoa*  bod;;  red  Vigbt  bting  pKHlaeed  byooe  r 
liT  ft  miicJi  qnickcr  rate,  and  the  bJonra  between  red  M 
tbe  intfi'Trocluite  rates.    Tlie  soTid  Incmdcaoeat  eo«I-p« 
a  contiimotu  spoctnim;  or,  in  cAber  wonki,  they  enul  ray«  if  4 
poamble   periMls   between   tlie   two  extremes   of    the   i 
Tbej  baTa  piuticli«  oedDating  to  aB  to  prodnce  red ;  aOa 
oniD^;  Dihcra,  to  prodnce  jeUow,  gnsen,  Um,  ti 
rcspectivfilr.    Colour,  aa  many  of  ;oa  kncnr,  iatoll 

pitch  is  to  Eoond.     Wben  a  riolin-plajer  pi  mm  lit  ft 
■''K*  Aringbe  mokes  it  abortcr  snd  tigbter,  mad  tins,  cwm^&4 
Tibrale  more  speedily,  angmenta  tbe  jntch.     ImagioG  racb  n 
to  more  his  finger  slowly  ajoag  the  string,  ebortentsg  it  g 
aa  bo  draws  las  bow,  tba  note  would  risB  in  pHA  by  a  n 

Ciwat  at  the  B^jal  Inniaiioii  oo  Fiiday  ereoJa^  iaae  7,  ISO.    ' 
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gradation ;  there  would  be  no  gap  intervening  between  note  and 
note.  Ilere  we  have  the  analogue  to  the  continuous  spectrum, 
whose  colours  insensibly  blend  together  without  gap  or  interrup- 
tion, from  the  red  of  the  lowest  pitch  to  the  violet  of  the  highest. 
But  suppose  the  player,  instead  of  gradually  shortening  his  string, 
to  press  his  finger  on  a  certain  point,  and  to  sound  the  correspond- 
ing note ;  then  to  pass  on  to  another  pomt  more  or  less  distant, 
and  sound  its  note ;  then  to  another,  and  so  on,  thus  sounding  par- 
ticular notes  separated  from  each  other  by  gaps  which  correspond 
to  the  intervals  of  the  string  passed  over ;  we  should  then  have 
the  exact  analogue  of  a  spectrum  composed  of  separate  bright 
bands  with  intervals  of  darkness  between  them.  But  this,  though 
a  perfectly  true  and  intelligible  analogy,  is  not  sufficient  for  our 
.purpose;  we  must  look  with  the  mind's  eye  at  the  very  oscillating 
atoms  of  the  volatilised  metal.  Figure  these  atoms  connected  by 
springs  of  a  certain  tension,  which,  when  the  atoms  are  squeezed 
together,  push  them  asunder,  and  when  the  atoms  are  drawn  apart, 
pull  them  together,  causing  them,  before  coming  to  rest,  to  quiver 
at  a  certain  definite  rate  determined  by  the  strength  of  the  spring. 
Now  the  volatilised  metal  which  gives  us  one  bright  band  is  to  bo 
figured  as  having  its  atoms  united  by  springs  all  of  the  same  ten- 
sion, its  vibrations  are  all  of  one  kind.  The  metal  which  gives  us 
two  bands  may  be  figured  as  having  some  of  its  atoms  united  by 
springs  of  one  tension,  and  others  by  a  second  series  of  spring.^  of 
a  diflTerent  tension.  Its  vibrations  are  of  two  distinct  kinds ;  so 
also  when  we  have  three  or  more  bands,  we  arc  to  figure  as  many 
distinct  sets  of  springs,  each  set  capable  of  vibrating  in  its  own 
particular  time  and  at  a  different  rate  from  the  others.  If  we 
seize  this  idea  definitely,  we  shall  have  no  difliculty  in  dro])ping 
the  metaphor  of  springs,  and  substituting  for  it  mentally  the  forces 
by  which  the  atoms  act  upon  each  other.  Having  thus  far  cleared 
our  way,  let  us  make  another  cftbrt  to  advance. 

Here  is  a  pendulum — a  heavy  ivory  ball  suspended  from  a 
string.  I  blow  against  tliis  ball ;  a  single  puff  of  my  breath  moves 
it  a  little  way  from  its  position  of  rest;  it  swings  back  towards 
me,  and  when  it  reaches  the  limit  of  its  swing  I  puft'  again.  It 
now  swings  farther;  and  thus  by  timing  my  pufls  I  can  so  accumu- 
late their  action  as  to  produce  oscillations  of  large  amplitude.  The 
ivory  ball  here  has  absorbed  the  motion  which  my  breath  commu- 
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Amsnx  lu  lb(7ti:k£  xhl 


■  Mil  ■III  braBsiwrfathMsrtifafc  ■UMifil  • 


Mtba  iW  CM*  if  dM  JMiinbiM  tf  tbavsraavwe  BOtpvi 
terf ;  te  tin  tki  MrtiH  Hvwted  lo  Om  pndnlHB  17  OM 
vMid  te  MatnfiKd  kr  nothcr,  a^  tb«ra  «Mdd  not  W  Ifcri  I 
wlilirw  <tf  fl*ct  sUcb  v«  b«n  wbM  tk»  psiodfl  of  tb«  i 

in  air  pwdnwi  ww  ia  iLe  air;  aad« 
A  il  pradMM  ■■■«  Im  artlw  i 
«it  mnU  take  op  or  alaoA  ■ 
t  iffiiiit  it.    Jart  m  |i^ng  I  na?  a 
liaftbew 

ItotlMk 
laTiMitM 
i  «dect  of  thcaa  tinaa  il 
i  bf  awstduut 
tlM  rear  1T41.    H«  wt  tvo  doaa  Icaaioc  a 
'  eaa  of  itwiii.  wliad  «c  Hiaf  ed  A,  na  Mt 
noL    Boaw  tine  aAervai^  Iw  Ibamd,  to  U>  aarprfi^  d 
ticU^alMk    TW  pcadidma  kiBC  of  On 
ini|MrtadbTlbeli^iag«r  Alotlwnil  a 
raaUd,  vere  propa^ted  to  B,  aai  wen  mt  tined  aa  tt 
Olber  carion*  cOecti  vara  at  ilw  aaaia  tina  obaerrad. 
iiWMliilaiai  diAved  frm  eaah  olbar  a  certua  aiK 
going.    &it  Um  rcttclMW  of  B  ttofiptd  A,    Tbta  1 
and  tb«  reactioD  of  A  ita|iped  B.    If  iLe  perkxli  a 
were  doM  to  cocb  other,  bnt  atill  not  qnila  aUfcev  ^ 
trolled  each  uUh.t,  and  b;  a  kind  of  niiitnal  et 
in  perfect  tuuKiti. 

But  wlut  lias  all  ttiu  to  do  viU)  our  praaeot  s 
qneetioiis  ore  mccIianicoU;  irlcntical,  tLe  rariad  t 
TCTM  ar«  all  modw  of  motion;  and  tiie  vibration  of  ■ 
Krict  br<ftbcrhoo<]  with  tbe  ribratiooa  of  o' 
ethereal  WDVet  clriking  opnn   atoms  wbioh  oscillate  ij 
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W  OS  those  in  wliich  tlia  waves  aucoeed  cocb  other,  tlib  motion 
of  the  wuvcs  will  be  absorbed  by  ttio  atorns ;  suppose  wo  iwnd  oar 
hcaiu  of  »'!i!to  light  through  a.  Bodimn  flame,  the  purtieles  of  that 
flamo  will  he  chk-fly  affeclod  by  those  undnlations  which  aru  sjn- 
s  with  their  owu  perJoils  of  vibrBtion.  There  will  bo  on 
rt  of  those  parljcalar  raya  n  transfcrenoo  of  motion  from  the 
I  other  to  the  atoms  of  the  volalillBed  soiliam,  whicli,  as 
jr  defined,  is  alixorption.  We  use  gloss  Bcroeos  to  defend  ds 
a  heat  of  oor  fires:  how  do  they  act!  Tlius: — Tlie  heat 
ng  from  the  lire  ia  for  the  most  port  duo  to  rays  which  ore 
leat  to  eicite  tJie  seoBo  of  vision;  we  call  these  rays  ob- 
Qlasa,  tlioQgh  pervious  to  tlie  luiuinous  rays,  is  opsqne  ia 
c  to  those  obscoro  rays,  and  cuts  them  off,  while  tlia 
il  light  of  the  fire  ia  allowed  to  {loss.  Now  mark  nie  clearly. 
tt  cat  off  from  your  person  is  to  be  fouDd  in  tlie  glass,  tlie 
f  becomes  heated  and  radiates  towards  your  person;  what 
e  of  the  glass  if  it  merely  thus  acts  as  a  temporary 
g-ploce  for  the  rays,  and  sends  them  on  afterwards)  It  does 
—It  not  only  sends  tlie  heat  it  receives  towards  you,  bat  ecat- 
t  also  in  all  other  directions,  roond  the  room.  Thus  the  rays 
Ich,  were  the  glass  not  interposed,  would  he  shot  directly  against 
f  person,  are  for  the  most  part  diverted  from  their  original  di- 
m,  and  you  are  preserved  &om  tlieir  impact. 

J  experiment.    I  pass  tlie  beam  from  tlie  cleclrio 
p  through  the  two  prisms,  and  the  spectrum  spreads  its  colours 
m.    Between  the  lamp  and  the  prism  I  interpose 
benaiHlragon  light.     Alcohol  and  water  are  here  mixed  up  with 
intity  of  cumtiion  salt,  and  the  metal  dish  that  contains  them 
rated  by  a  spirit  lamp,    llie  vapour  from  the  mixture  ignites, 
Q  have  this  monochromatic  llame.    Through  this  flame  the 
a  from  tliQ  lamp  is  now  passing,  and  observe  the  rcsnlt  npon 
You  see  o  dark  hand  ent  out  of  the  yellow — not 
w  darlc,  but  sufficiently  so  to  be  seen  by  everybody  present. 
fuve  how  tliB  band  quivers  and  varies  hi  shade,  aa  tlie  yellow 
It  out  off  by  tlie  unsteady  flume  varies  in  amount.    The  flame 
tbis  monochromatic  lamp  is  at  the  present  moment  easting  iU 
fm  yellow  tight  upon  ttiat  shaded  line ;  and  more  titan  thiii,  U 
h  bt  part,  tlie  light  which  it  absorbs  from  the  cleeti-io  lamp 
t  It;  but  it  scatters  the  greater  portbn  of  this  light  iu  other 
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directions,  and  thus  withdraws  it  from  its  place  upon  the  screen, 
as  the  ghiss,  in  the  case  above  supposed,  diverted  the  heat  of  the 
fire  from  your  person.  Ilence  the  band  appears  dark;  not  abso- 
lutely, but  dark  in  comparison  with  the  adjacent  brilliant  portions 
of  the  spectrnm. 

But  let  mo  exalt  this  effect.  I  place  in  front  of  the  electric 
lamp  the  intense  flame  of  a  large  Bunsen's  burner.  I  have  here  a 
])lutinum  spoon  in  which  I  put  a  bit  of  sodium  less  than  a  pea  in 
magnitude.  The  sodium  placed  in  the  flame  soon  volatilises  and 
burns  Avith  brilliant  incandescence.  Observe  the  spectrum.  The 
yellow  band  is  clearly  and  sharply  cut  out,  and  a  band  of  intense 
obscurity  occupies  its  place.  I  withdraw  the  sodium,  the  brilliant 
yellow  of  the  spectrum  takes  its  proper  place :  I  reintroduce  the 
sodium,  and  the  black  band  appears. 

Let  me  be  more  precise : — The  yellow  colour  of  the  spectrum 
extends  over  a  sensible  space,  blending  on  one  side  into  orange 
and  on  the  other  into  green.  Tlie  term  *  yellow  band'  is  therefore 
soincwhat  iiidefiiiite.  I  want  to  t^how  you  that  it  is  the  precise 
yellow  biuul  emitted  by  the  volatilised  sodium  which  the  same 
Hubstiince  absorbs.  By  dipping  tlie  coal-point  used  for  the  positive 
electrode  into  a  solution  of  common  salt,  and  rej)lacing  it  in  the 
lainj),  I  obtain  that  brijrht  yellow  band  which  you  now  sec  drawn 
across  the  si)cctrum.  Observe  the  fate  of  that  band  v.hen  I  intcr- 
])ose  my  sodium  light.  It  is  first  obliterated,  and  instantly  that 
black  streak  occupies  its  i)lace.  See  how  it  alternately  flashes  and 
vanishes  as  I  withdraw  and  introduce  the  sodium  flame. 

And  supposing  that,  instead  of  the  flame  of  sodium  alone,  I 
introduce  into  the  path  ol*  llio  beam  a  ilame  in  which  lithium, 
strontium,  magnesium,  calcium,  &c.,  are  in  a  state  of  volatilisation, 
each  metallic  vapour  would  cut  out  its  own  system  of  bands,  each 
corresponding  exactly  in  position  with  the  bright  band  which  that 
metal  itself  would  c;xst  uj)on  the  screen.  The  light  of  our  electric 
lamp  then  shining  through  such  a  composite  flame  would  give  us  a 
si)cetruni  cut  up  by  dark  lines,  exactly  as  the  solar  spectrum  is  cut 
u])  by  the  lines  of  Fraunhofer. 

And  hence  we  infer  the  constitution  of  the  great  centre  of  our 
system.  The  sun  consists  ot'  a  nucleus  which  is  surrounded  by  a 
flauiing  atmosphere.  The  light  of  the  nucleus  Avoidd  give  us  a 
continuous  spectrum,  as  our  common  coal-i>oints  did;  but  having 
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to  pass  throogli  tlio  photosphere,  as  our  heam  through  the  flame, 
those  rays  of  the  nuclens  which  the  photosphere  can  itself  emit, 
are  absorbed,  and  shaded  spaces,  corresponding  to  the  particular 
rays  absorbed,  occur  in  the  spectrum.  Abolish  the  solar  nucleus, 
and  wo  should  have  a  spectrum  showing  a  bright  band  in  the  place 
of  every  dark  line  of  Fraunhofcr.  These  lines  are  therefore  not 
absolutely  dark,  but  dark  by  an  amount  corresponding  to  the  dif- 
ference between  the  light  of  the  nucleus  intercepted  by  the  photo- 
sphere, and  the  light  which  issues  from  the  latter. 

Tlie  man  to  whom  we  owe  this  beautiful  generalisation  is 
Kirchhoff,  Professor  of  Natural  Pliilosophy  in  the  University  of 
Heidelberg ;  but,  like  every  other  groat  discovery,  it  is  compounded 
of  various  elements.  Mr.  Talbot  observed  the  bright  lines  in  the 
spectra  of  coloured  flames.  Sixteen  years  ago  Dr.  Miller  gave 
drawings  and  descriptions  of  the  spectra  of  various  coloured 
flames.  Wlieatstone,  with  his  accustomed  ingenuity,  analysed  the 
light  of  the  electric  spark,  and  showed  that  the  metals  between 
which  the  spark  passed  determined  the  bright  bands  in  the  spec- 
trum of  the  spark.  Masson  published  a  prize  essay  on  these  bands. 
Van  der  Willigcn,  and  more  recently  Pliicker,  have  ^ven  ns  beau- 
tiful drawings  of  the  spectra  obtained  from  the  discharge  of  Ruhm- 
korff's  coil.  But  none  of  these  distinguished  men  betrayed  the 
least  knowledge  of  the  connection  between  the  bright  bands  of  tho 
meUls  and  the  dark  lines  of  the  solar  spectrum.  The  man  who 
came  nearest  to  the  philosophy  of  tlie  subject,  was  Angstrom.  In 
a  paper  translated  from  PoggendorfF's  *  Annalen '  by  myself,  and 
published  in  the  *  Philosophical  Magazine 'for  1855,  he  indicates 
tliat  tlie  rays  which  a  body  absorbs  are  precisely  those  which  it  can 
emit  when  rendered  luminous.  In  another  place,  he  speaks  of  one 
of  his  spectra  giving  the  general  impression  of  reversal  of  the  solar 
spectrum.  Foucault,  Stokes,  Thomson,  and  St<3wart^  have  all  been 
very  close  to  tho  discovery ;  and,  for  my  own  part,  the  examination 
of  the  radiation  and  absorption  of  heat  by  gases  and  vapours, 
some  of  the  results  of  which  I  placed  before  you  at  the  commence- 
ment of  this  discourse,  would  have  led  me  in  1859  to  the  law  on 
which  all  KirchhofTs  speculations  are  founded,  had  not  an  acci- 
dent withdrawn  mo  from  the  investigation.  But  KirchhoflTs 
claims  are  unaffected  by  these  circumstances.  True,  much  tfiat  I 
havo  referred  to  formed  tho  necessary  biisis  of  his  discovery ;  so 
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did  the  laws  of  Kcpkr  fumhh  to  Kcwton  tUe  \iaati  of  Uia  tl 
of  gTBTitalion.    Bm  what  Eircbliolf  Laa  Oane  carries  us  far  l» 
foad  all  tliiit  had  befuro  beco  accompli ulied.    Ho  baa  iulrodacei 
the  order  of  Inw  amid  ft  vnst  ossomblflgo  of  emptrical  ol>sciTatloa 
nail  lias  ounotilcd  our  jiruvious  knowledge  b/  eliowiag  its  relntia 
ship  to  Hurao  of  tho  most  sablimo  of  natariJ  plieu 


EXTRACT  FKOU  A  PAPER  BY  MR.  JOULE. 

Inapostaoript  toapaperin  tlio  Decetabor  nnniber  of  tlie  'Pliil 
osopbical  Mngaziae'  for  1843,  Mr.  Joule  mado  tlio  follonitis  ext 
tremely  important  remark: — 

'  On  ooQvarsing  a  few  days  ngo  witb  my  friend  Mr.  Jobo  DaTiM^ 
ho  lold  me  that  Le  had  hiraadf  a  few  yeara  ago  Btieroptcd  to 
connt  for  tlint  pai-t  of  anirao]  heat  wbicb  Crawford's  tlieary  I 
left  unexplained,  by  the  friction  of  the  blood  ia  tho  Tc-ins  and  niift 
rira,  but  that,  finding  a  similar  liypotheais  in  Holler's  "  Phfrii 
ogy,"  lie  had  not  pnrsaed  tho  subject  farther.    It  id  nnqttastiii 
able  that  heat  is  prodaccd  by  anch  friotion,  hat  it  must  be  tutdcr 
stood  that  tlie  mcclianjctl  force  expended  in  tho  fHotioo  is  a  par 
of  the  force  of  affinity,  which  caoses  the  vcnoua  blood  to  nUi 
with  the  oxygen,  so  that  tlio  whole  heat  of  the  system  miut  atjl 
ho  referred  to  the  chemical  changes.    But  if  the  animal  wore  tm 
gaged  in  tnming  a  piece  of  machinery,  or  in  ascending  n  inomf 
tmn,  I  appratiend  that,  in  proportion  to  the  miiscnlar  effbrt  |>itl 
forth  for  the  purxioso,  a  dimiautum  of  the  hent  cvolrcd  in  tho  tjw 
teju  by  a  ^vun  oliemicnl  action  would  be  experienced,' 


The  following  brief  extracts  arc  ft-om  an  Eway  by  Dr, 
on  Ofgonio  UotioD  and  Nntrition — one  »f  the  most  important  of 

contributions  (o  tho  soionce  of  onr  time  :^ 

'  Moaanred  by  huiuan  stnndai\Is,  the  sun  ia  iiu 
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I  of  pbyslcal  eaargy.     This  la  t!ie  contiunallf  woimd-up 

J  which  is  the  sonree  of  fill  terrostrinl  actis-ity.    The  va.'it 

it  of  force  seat  hj  the  earth  into  BiiBoeJn  the  form  of  wnvo 

i«n  would  soon  bring  ita  snrfaco  to  the  temperature  of  death. 

G  light  of  tho  turn  is  on  incessant  compcnsntiDD.    It  is  the 

's  light,  converted  into  honf,  which  sets  our  Htraosplicro  in  ino- 

lidi  raises  tha  water  into  clouds,  and  thus  cansos  the  rirers 

The  heat  developed  by  friction  in  the  wlioela  of  our  wiud 

er  mills  was  sent  from  the  koh  to  the  earth  iu  the  form  of 

tory  motion. 

i._*2fBtare  has  proposed  to  herself  the  tusk  of  storing  up  the  light 

li  fltreoms  earthward  from  tlie  sun — of  converting  the  most 

«  of  all  powers  into  a  rigid  form,  nnd  tltua  preserving  it  for 

To  this  end  she  has  overspread  the  earth  with  or- 

t,  wliich,  living,  take  into  them  the  solar  light,  and  by  the 

4on  of  its  energy  generate  inueasantly  chemicul  forces. 

le  orgtmisma  KB  plitnU.    The  vegetable  world  constitutes 

Toir  in  which  the  fiigitivo  solar  rftys  are  fixed,  suitably 

,  and  rendered  ready  for  nseful  applieatioD.    With  this 

la  the  existenoo  of  tlie  hiuniui  raco  is  inseparably  oonnoctcd. 

Lcing  action  of  the  sun's  rays  on  inoi^anic  and  organic 

H  is  well  known ;  this  rodnotion  takes  place  moat  copiously 

U  soulight,  less  copiously  in  the  shade,  and  is  entirely  absent 

ad  even  in  candle-light.    Tlio  reduction  is  a  conver- 

S  one  fonu  of  force  into  anotlier — of  mechanic.tl  effect  into 

piTcul  tension. 

.6  tJmo  does  not  lie  far  behind  us  when  it  waa  a  sntyect  of 

lioQ  whether,  during  life,  plants  did  not  possess  tbc  power 

ng  the  ehomioal  elements,  and  indeed  of  creating  them. 

I  eii>erimout^  seemed  to  favour  tho  notion,  but  a  more 

cxouiinMion  has  proved  the  ooutrat?.    Wo  now  know 

sum  of  tlie  materials  employed  and  excreted  is  equal  to 

I  qoimtily  of  matter  token  np  by  the  pliuit.    Tho  tree,  for 

Bipln.  which  weighs  several  thousand  pounds,  has  taken  every 

D  of  itfi  substance  troin  Its  neighbourhood,    lu  (ilunts  n  toncer- 

r,  and  not  a,  gcneraCUa  of  matter,  takes  ]>luee. 

[*  Plants  eonsnmo  tliu  force  of  light,  and  produce  in  its  i^aoo 

d  tuiisions.    Cilice  tlie  time  of  .Snussnre,  tlio  action  of  light 

ivn  tu  bo  HoOMsary  to  tho  induction.     Iu  the  llrst 
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plnce  wo  mutt  0D<|mrB  wbcther  tlio  li|flit  wliicb  falb  Dpon  li' 
[itantd  linds  a  dilTeront  application  from  that  wiiicli  falls  Dp^n  <t( 
matter;  tliat  is  to  say,  wliclbcr,  artcrlt  paribui,  plnnts  nro  I 
waimod  hj  solar  light  thnn  otber  bodies  equiiUy  ilArk-ool 
Tho  results  of  Uio  obEorrations  hitherto  maJe  on 
Mom  to  lie  within  the  limits  of  postrl1:ilo  error.    On  tbo  other  hsoi 
evorj-ilay  cspericncc  tenches  ns  that  the  bontiiig  netion  of  th 
Biui^  rayn  on  lot^  arcoa  of  land  is  modoraled  b;r  noUiing 
powcrAdly  than  by  a.  rich  i-c^tfttaon,  ellhough  planta,  ou  aoooD 
of  till)  darkness  of  their  leaves,  moat  be  able  to  abaorb  a  groAl 
quantity  of  heat  than  the  bare  earth.    I^  to  account  for  tliia 
ing  netion,  tlio  evaporation  team  tho  plants  be  not  snSiclont,  tL« 
Iho  iincttion  above  proposed  mnst  lie  onswtTcd  in  the  al£rniuUro. 

'  Tlio  setmod  qnealiou  refers  to  tlio  cause  of  the  cbomical 
t-rodnccd  in  lliO  plant.    Tlds  tonaion  ia  a  physical  force    It 
oitoivalont  to  the  beat  obtained  IWm  the  combastion  of  tlio  plant 
Does  Uiia  force,  then,  como  fnnn  tlie  vitnl  proccsics,  and  witlion 
tlio  expenditure  of  sorao  oUier  form  of  foree)    Tlie  oreation  of 
pliyeical  forue,  of  itself  liordly  tliinkablo,  seems  nil  the  more  [larfr 
doiieal  when  wo  conaJer  th.it  it  is  only  by  tlie  help  of  tho  son^ 
raj's  that  plants  can  perform  their  work.    By  tlie  aasnmption  ttf 
sncb  a  hypotheticnl  aetaou  of  the  "vitalforco"  all  further 
gation  13  cut  off,  and  the  nppiioation  of  tlie  mctbotis  of  ozaoti 
enoe  to  tho  phenomena  of  Titulity  b  rciidorud  inipossibta    "Dm 
wlio  Iiold  a  notion  so  o]>poaod  to  the  spirit  of  science  would 
tboreby  carrieil  into  U)0  cliaos  of  unbridled  pbont^y. 
bopo  that  I  may  i-eckon  on  the  rooOcr'a  nssent  wben  I  stato,  aq  ■ 
axiomatic  tralb,  that  during  vital  preMtiei  a  eonrtrtim  mJjl  ( 
fiMtttv,  a»  ieell  a»  qf/oree,  ocrvn,  and  that  a  avation  ^ciUer  0 
one  or  the  otfirr  neter  takes  jtlitce, 

'  The  pliyacnl  force  collected  by  plants  bi.vonied  the  pmpatj^t 
another  oluss  of  crcutnres — of  aniioalit.  The  living  utiiinal  oca 
suines  eombitstible  Bubstiuiees  belonging  to  the  vegetable  voA 
and  onnses  them  to  rennite  witb  tho  ocy^n  of  tho  atnioepbOT 
Farallul  to  this  proccw  rtuis  tho  work  done  tiy  animals,  'i'bi»  wot 
is  the  end  and  aim  of  animal  existence.  rinnlA  ocrtaiolx  prodm: 
mechanical  offocts,  bat  it  is  uvldcut  tbut  for  cqanl  maiHca  and  timi 
the  siiui  of  the  fffBCla  produocd  hy  a  plant  is  vaniahingljr  anal 
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compared  wiih  those  produced  by  an  animal.  While,  then,  in  the 
plant  the  production  of  mechanical  effects  plays  quite  a  subordinate 
part,  the  conversion  of  chemical  tensions  into  useful  mechanical 
effect  is  the  characteristic  sign  of  animal  life. 

'  In  the  animal  body  chemical  forces  are  perpetually  eiqpended. 
Ternary  and  quaternary  compounds  xmdergo  during  the  life  of  the 
animal  the  most  important  changes,  and  arc,  for  the  most  part, 
given  off  in  the  form  of  binary  compounds — as  burnt  substances. 
The  magnitude  of  these  forces,  with  reference  to  the  heat  devel- 
oped in  these  processes,  is  by  no  means  determined  with  sufficient 
accuracy ;  but  here,  where  our  object  is  simply  the  establishment 
of  a  principle,  it  will  be  sufficient  to  take  into  account  the  heat  of 
combustion  of  the  pure  carbon.  When  additional  data  have  been 
obtained,  it  will  be  easy  to  modify  our  numerical  calculations  so  as 
to  render  them  accordant  with  the  new  facts. 

'  The  heat  of  combustion  of  carbon  I  assume  with  Dulong  to  be 
8550''.*  The  mechanical  work  which  corresponds  to  the  combus- 
tion of  one  unit  of  weight  of  coal  corresponds  to  the  raising  of 
9,670,000  units  to  a  height  of  1  foot. 

*  If  wo  express  by  a  weight  of  carbon  the  quantity  of  chemical 
force  which  a  horse  must  expend  to  perform  the  above  amount  of 
work,  we  find  tliat  the  animal  in  one  day  must  apply  1*34  lb. ;  in 
an  hour  0*167  lb. ;  and  in  a  minute  0*0028  lb.  of  carbon,  to  the 
production  of  mechanical  effect 

'  According  to  current  estimates,  the  work  of  a  strong  labourer 
is  4th  of  that  of  a  horse.  A  man  who  in  one  day  lifts  1,850,000 
lbs.  to  a  height  of  a  foot  must  consume  in  the  work  0*19  lb.  of 
carbon.  This  for  an  hour  (the  day  reckoned  at  eight  hours) 
amounts  to  0*024  lb. ;  for  a  minute  it  amounts  to  0*0004  lb.  —  3*2 
grains  of  carbon.  A  bowler  who  throws  an  8-lb.  ball  with  a  ve- 
locity of  80'  consumes  in  this  effort  ^th  of  a  grain  of  carbon.  A 
man  who  lifts  his  own  weight  (150  lbs.)  8  feet  high,  consumes  in 
tlie  act  1  grain  of  carbon.  In  climbing  a  mountain  10,000  feet 
high,  the  consumption  (not  taking  into  account  the  heat  generated 
by  the  inelastic  shock  of  the  feet  against  the  earth)  is  0*155  lb.  —  2 
ozs.  4  drs.  50  grs.  of  carbon. 

*  If  the  animal  organism  applied  the  disposable  combustible  ma- 

*  3Iaycr  always  uses  Centigrade  degrees. 
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'Wehafe  tlierefore  the  following  relations:  I,  The  meclioni- 
co]  eScct  is  to  the  total  consamption  ns  z-.t+y^O'lS.  2.  The 
mechoiiiofll  effect  is  to  tho  anrplns  conHaniption  of  the  worfdng 
^Bmal  OS  ( :  y  —  0-43.  8.  The  generation  of  hent  nt  rest  is  to  the 
^beretion  of  heat  while  working  as  x:  x+y—2—  O-IS.' 
^B  In  the  same  way  Mayer,  taking  the  data  famished  hj  Lichi^, 
^B^rding  t!ie  prisoners  and  soldiers  nt  Giensen,  detcrminca  the  fol- 
^King  relations  for  a  num :  1.  The  mechanical  effect  h  to  the  lotol 
^■Homption  as  06-7;040— 0-177.  S.  The  mechanionl  effect  is  to 
^^■snrplus  consaaption  of  the  tnott  at  work  as  057:33G^O-3SO. 
^wTho  generation  of  heat  in  the  resting  man  to  that  in  the  work- 
up man  2S5 :  C  JO— OS-7  —  0-37. 

^Vln  those  calculations,  ho  continnea,  '  1  have  confined  mjself  to 
^H^  consnniod  carbon.  If  the  heat  of  combastioa  he  set  eqnal  to 
^B  carbon  +  the  hydrogen,  the  additional  beat  of  tJie  hydrogen 
^Bjr  h«  regarded  as  nearly  — one-fourth  of  thst  of  the  earhon. 
^^Bording  to  tlio  indiTidnal  constltntion  and  babiU  of  life,  the 
^^fcnr  and  the  consumption  mnst  be  liable  to  considerable  Tarin- 
^^■a.  The  ahore  resalts,  however,  serve  to  deuionstrato  the  fol- 
^^Kng  propositions : — 

^B  *  (1}  The  snrplns  DDtrlmont  consniocd  in  the  working  Drgoniam 
^Knplotely  enfllces  to  occonnt  for  the  work  done. 
^V'fS}  The  maximum  mechanical  effect  prodnced  by  a  working 
^Brnmol  hardly  oraoonts  to  oac-fifth  of  the  force  derivable  from  tho 
^Hll  qnnntity  of  carbon  consnmed.  Tho  remdning  fonr-flilhs  ore 
^^K>t«d  to  tho  generation  of  heat.' 

^1^ '  In  order  to  enable  them  to  convert  chemical  force  into  me- 
^^■nical  work,  animals  are  provided  with  specific  orgaiu,  whieh 
^■ahogetlier  wanting  in  plants.    These  are  the  muscles. 
^H'Tothe  activity  of  a  muscle  two  things  are  necessary:  I.  The 
^■aeQOe  of  the  motor  nerves  as  the  determining  condition ;  and  2. 
^Be  material  changes  as  tlie  canso  of  the  mechanical  effect, 
^K '  Like  tho  whole  organism,  the  organ  itself,  the  mnscle,  hns  its 
^Bohicol  and  its  physical  side.    Under  the  former  wo  include  tlio 
^Brona  InUucnce,  under  the  latter  the  chemical  proacs.ses. 
^^■'Tho  motions  of  the  steamship  are  performed  in  obedience  to 
^BwHIof  the  steersman  and  engineer.    The  apiritnal  inHaence, 
^B|r«vor — wilbout  wliirli  tlie  ship  conM  not  bo  sot  in  motion,  or, 
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wonting  wliich,  ti  ociU  go  to  piooea  on  the  nearest  reef— guides,  bd 
moTcs  not.    Fur  the  progress  of  the  vessel  wc  need  ph^tdcnl  forfl 
— tlie  force  of  coal ;  in  ita  abaence  the  ship,  how erer  strong  t 
volition  of  ita  nadgntor,  rcmuins  dosd.' 

Hero  follow  a  fcw  of  Mnjer'a  remarka  on  mascolar  taoticm  ;- 

'  In  the  first  part  of  tliia  memoir,  the  part  plnyed  by  comboj 
tiou  in  inorganic  apporatoB  in  the  ateom-engine,  for  instance,  n 
in  ita  main  characters,  explained.    Oar  present  problem  b  ti 
sider  tlie  phenomena  of  vitality  in  connection  with  their  pbyrioi 
canses,  and  thos  givo  to  the  propositiona  of  phjaology  tho  b 
of  exact  science. 

'It  has  been  already  elated  that  an  active  working  tmm  ' 
verts  ia  a  day  0']9  lb.  of  carbon  into  mechanical  offert. 
weight  of  the  whole  mascles  of  sucb  a  man,  who  wdghs  ISO  Ibi 
is  G4  lbs.;  nnd,  eubtracting  77  per  cent,  of  water,  15  Iba.  of  d4 
combnstiblo  material  rcmajna.     Let  it  be  assomed  (thoagb  a 
granted)  that  the  heat-giving  power  of  this  mass  (with  40  per  ei 
of  nitrogen  and  oxygen)  is  oqnal  to  tliat  of  an  equal  n 
carbon ;  tbon,  if  the  wort  were  done  at  the  orpenso  of  tlio  u 
cics  tbemEclvcs,  the  whole  of  the  nioscles  mnst  be  oxidised  x 
coijsnioed  in  meehaaical  etTect  in  eighty  daya. 

'  This  aritluiiotical  dedacUon  becomes  still  more  evident  if 
confine  onr  attention  to  the  work  performod  by  a  single 
tile  heart    I  assume,  with  Valentin,  the  qnoutity  of  blood  in  H 
lull  ventricle  to  be  at  every  vyslols  on  an  avcrngo  ICO  cnbio  o 
metres.    The  bydrostatio  pressure  of  Hie  blood  in  the  uteriM  ^ 
occording  to  Poiseaillo,  equal  to  the  prcasm'o  of  n  colnmn  of  ie 
eury  IS  contimetrea  in  height.    The  mechaQicol  work  dime  by )] 
Ivtt  ventfiule  dnrlng  a  Hystoto  may  bo  calcnlated  from  thcso  d 
It  is  oqnol  to  the  raising  of  a  column  of  mercory  10  c> 
long,  aail  with  the  bnae  of  a  sqoai'O  eenUmetre,  to  a  height  eS  l4 
ContoeUc*.    Tlio  weight  of  the  moruuryamonnta  to  217  g 
The  mochanical  effect  of  a  systole  tlierefore  is — 
_  (  82B'6  grammes  raised  1  molrc, 
(      2  lbs.  "     1  foot, 

wbicb  is  eijuiviilotit  to  0-887  of  a  tliermul  unit,  or  eqaivolcat  I 
the  oonibustion  of  0-000103T  of  o  gramme  of  carbon.    TnkiBg  if 
a  miniito  70  Btrutics,  and  for  a  day  100,<j00  strokes  of  tbo  p 
the  work  done  by  the  Kit  venlri(-1(>  lu  a  day  is  c^nivailont  CO  ti 
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raising  of  202,000  lbs.  to  a  height  of  one  foot.    This  is  equal  to 
89,428  thermal  units,  which  is  equal  to  the 

combustion  of  •}  ^^^„  r^f  carbon.     According  to  Valcn- 

(  168-3  grs.       ) 

tin,  the  work  done  by  the  right  ventricle  is  half  that  done  by  the 

left.    The  work  of  both  chambers  in  a  single  day  is  therefore  equal 

to  the  raising  of  803,000  lbs.  1  foot  high  — 134,143 

thermal  units=  i  ^^^  ,    ^^  *  >  of  carbon. 

{  252*4  grs.       ) 

^Assuming  the  weight  of  the  whole  heart  to  be  500  grammes, 
and  deducting  from  this  77  per  cent,  of  water,  wo  have  remain- 
ing 115  grammes  of  dry  combustible  material.  Assuming  this  ma- 
terial to  be  equal  to  that  of  pure  carbon,  it  would  follow  that  the 
entire  organ,  if  it  had  to  furnish  the  matter  necessary  to  its  action, 
would  bo  oxidised  in  eight  days.  Taking  tlio  weight  of  the  two 
ventricles  alone  as  202  grammes,  under  the  same  conditions  tlie 
complete  combustion  of  this  muscular  tissue  would  bo  effected  in  8} 
day^.' 
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UounlaliiAh  tbolr  HAtini  m  coDdenAora,  i 

rbUoeil,  40)1 
MoTin?  nvH,  unoTiDt  nf  best  ptvdnc 

by  dMlniDlloD  ot  M. 

proJucod  by  Jtuum,  115, 
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nO^ATURE.  vl^utlaa  of  tDcou  tn  en 

■■  -       ^■■-         •        hHTOCIltloil.110. 
igglKlra,IO!. 
]  of   tbo  dlomoi 


Nltnun'm 


of  UghL  S«T. 
'lonlty  of  partlelf 


—  dynimlF  nutlilton  at  Sn. 


la,  bud*  rwduiwd  by  ipcetrii 


—  oxpfHn 
AdnuKm, 


■rlmonta  rm,  by  WelU,  Gl»1«!ior, 


eC  AppoDdU  to  Cti*p. 


ObKon  hint,  nttg  of,  t*  In 

frnm  dunmni  «atirert,tnT 

to  Chip,  XII..  *«.■ 

,  Influoac  ''  —  ■ — 

OlcDut  na.  (t 

uUo  of 

^ br  wrinai  nuiMim 

ndlMtfoi  ot  Mi, 

dyiiMnlB  ridtMlou  of,  Wt. 

—  —  T«iil»bln((  molitl  bf  ■"" 


OiTiinLo  inotini,  ei 


10,  B4,  ud  AppoDdtx  Id  Cb>p 

. .  Kb]»  of  eomlo^llTltT  vC 

Oiyfaii.«d1l>IOi  of  ainnu  of  wlin  on 

—  iglwlly  nf  nirtlol**  ol  Tl. 

—  inmll  ■I.-orptloD  of  heal  br,  »01 
Otnu^  si'UiiD  ol,  OB  nulloillint.  »1 

—  incTMiu.  of  by  Ti'duoUoo  Ig  ibio  rfch 

—  pnibolilo  cooattlnlloB  ot 
~pAItTia:^_,fin[wt  of, 


prnduM*  bMl.  S8.    I 


rcrle-cK  Tlbntlue.  of  Amnio  ud  lolpblill 

irf  »  byrtrogtn  faioa, «». 

--.b"n™lngot«St 
l>cnplnllun.  dm  ut  In  hit  cllmite 
PUoiusiiLiBTi  uf  mui,  nciLun  ut  w 

ny>.l^ 
Phyiilud  uulydi  of  tbo  bninu 


-  bout  thit  Iroald  b< 


sxs 


MlbiD  tneiKy  dvtlMd,  W.  I 


nt  of  tailoa.  in. 


/~VI7ABTII,  cImt  *n>I  smoki.  Iniunilt 

W    Pniii.lKiiui.aU'ir6till.8l«, 
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bjTVTft 
vUnelal  AnoiUon  at  In  hf.  4T<. 

—  Uimaeh  IhS  urth'*  ■Imotnlirre,  Ap- 
pi9i<llttn0tiu>.XL.4(IL 

—  LainlJii>iuiiia«bicun,Er7T,aii<l  Anpen- 
dti  In  aii.TL  XtT..'4M 


'  opftn  Wll4l  drpfinilmt,  14 


Clijp, 


Itcndo,  till  planUo  awrf  of  Ice.  SOT. 
Bt-'felBluncrs  heal  at  rLvclrto  flurraut  firo- 

Brvulvtng  liidll,  Uon'g  cipcrUntiita  on, 

EHIe  tun,  •roonnt  othMl  gfpmtcd  bj 

Uavkur  UMd  In  tliu  Tnitilru  lailnumiit, 

RocksAll.  tnniiiiimi{7  at,  to 


—  fli^nneitJoDof  iDDlstarcoiLa7oUcd,<00. 

—  kIi.  d.'Mribtd.  4a. 

Kronlbnl,  Ctmal.  hit  emrimtnt*  oB  Imrt 
iinHluciMl  by  frlcdoD,  fB,  nod  AppcndlK 
lu  Clup.  IL,  6S. 

oirrthrgw  of  liia  maltrifil  tbotrjr 


1 AITTY  LAUP,  aiOnutlon  ud  m 
:   aagar,  dLBOolvlo^  ot  prodnci 


Scbiff^Hh.  Cnnnl.  blap>iH«nnimui1a 
pipcdmciitlt  Appendix  to  Clup.  VIII.^ 

Sebx-nrU,  h<i  obHmtloii  of  uniul  pn- 


B^lo,  canlnlam  of  h«t  ud  irwt  de- 
SeluilUN  abHTpllan  otbMt  b;  dlKmit 

Scnarmmuil.  bia  DiporinieBtt  on  111*  cen- 
dof  Hun  of  bnt  hj  crrlUln,  1M& 

SiSnlB.  HoUoDt'a  tbcoty  ot,  413. 

ShooUog  lU™,  IbiWiy  ot  U. 

aUlca,  w»ior  of  aeyion  oontaiu  toe  d»- 
potlLMM, 

—  u  cij'alal,  bl^b  (undnotlT*  pomr  oC 
Mfi. 

—  u  pfiw-tar,  low  illtln,  SSI. 
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—  sbrmlilrv,  ■  iKlnr*  on  tli*  iilirilcil 
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BnlhK  ripuf  bn  of,  bjr  bui,  UA, 


omlractlon.  150. 
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—  cuadllion.  flnt  DbMrrsr  uf,  181. 
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—  eluUfl  ftinw  ot,  IdovuciI  by  tiealinj;, 

—  -  IslDDl  hnt  oC  lOIL 
Starnin  prodnwd  by  h«tDd  air,  196. 
Strokkur,  cbe,  ImluUoo  ar.  141. 
Hnl|4u(s  of  MulI,  cold  produced  tiy  ilii 

tolTino,  I  in. 
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TenallTii.  Pfk  <A  t"0 
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Tropics,  flow  of  air  from  and  to,  187. 

—  the  recoil  of  calma  or  raina,  192. 

—  cause  of  the  torrcnta  of  rain  in,  407. 


TTNDTJLATION  THEORY,  267. 


VACUUM  in  ecntro  of  Ice  flowers,  127. 
—  passage  of  heat  throup;h.  262. 

—  dry  air  similar  to,  with  regard  to  ra- 
diant heat,  802. 

YaiKiar  of  water  oondonaod  by  rarefaction 

of  air,  45. 
its  action  on  radiant  heat,  89S, 

411. 
condensation  promoted  by,  410. 

—  production  oil  consumes  heat,  172, 
210.  • 

—  supporting  of  spheroid  by,  177. 

—  of  metals,  spectrum  oty  480. 

—  absorbs  those  ravs  which  it  omits,  482. 
Vapours  and  liouids,  their  absorption  of 

heat  compareo,  482L 

—  tables  of  al>8orption  of  heat  by,  875, 
8S0,  802, 440,  44L 

dynamic  radiation  and  absorption 

of,  892. 
Vaporous  condition  of  matter.  76. 
Varnishinff  a  metal  or  feeble  gas  by  a 

powerftiT  one,  891. 
Velocity  of  planets  and  aerolites,  28. 

—  relation  of  heat  to,  66. 
Vibration  of  heated  metal,  116w 

bodies   having  different    tompcra- 

turoB,  abstract  of  lecture  on,  Appendix 
to  Chap.  IV.,  144. 

sounding  disks,  2M. 

Viscous  theory  of  ice,  202. 

Vital  force,  supposed  conservative  action 
of,  284. 

Volcanic  emptioni  showing  upper  cur- 
rents of  air,  188. 

—  eruption  of  Momo  Oarou,  160. 
Volume  of  a  gas  augmented  by  heat,  80, 

ei  »eq. 
Volumes  of  vapour  proportional  to  liquid, 
table,  433. 


WATER  boiled  by  friction,  24,  and 
Appendix  to  Chap.  II.,  68. 

—  expanded  by  heat,  03. 
cold,  Ois. 

—  maximum  density  of,  04. 

—  contraction  ol^  by  heat,  04. 

—  pipea,  why  burst,  05. 

—  coDcsion  ofi  increased  by  removing  air 
from,  127, «/  seq, 

—  hammer,  127. 

—  effects  0^  when  in  a  highly  cohesive 
condition,  128. 

—  formerly  regarded  as  incompressible, 
160. 

—  Bacon's  experiment  on  the  compression 
ol^  155,  noti. 


Water,  amount  of  heat  jrielded  by,  in 
cooling,  1^  159. 

—  has  the  highest  speciflo  heat,  169! 

—  amount  of  work  equal  to  heating  of 
1\160. 

—  effect  of  high  specific  heat  of;  165. 

—  latent  heat  of,  167. 

—  mechanical  value  of  combination,  con- 
densation und  congohtion  ot,  168. 

—  evaporation  ot  produces  cold,  172. 

—  fhwjcn  by  Its  own  evaporation,  178. 

—  spheroidal  state  of,  176.  «t  9*^0, 

—  frozen  in  rod-hot  crucible,  1m. 

—  opacity  ot^  to  heat.  818. 

—  distilled,  colour  of,  8ia 

—  effects  of  its  energy  as  a  radiant,  in  all 
its  states,  410. 

—  absorbs  same  rays  when  solid,  liquid, 
or  vapour,  418. 

—  amount  of,  would  be  boiled  by  the  total 
emission  of  sun,  490. 

—  cause  of  its  hardness,  262. 
transparency  to  light,  450. 

—  absorption  of  Leat  from  hydrogen  flomo 
at  different  thicknesses,  450. 

Waterston,  his  meteoric  theory  of  the  sun, 
498. 

Waves  of  sound,  275. 

light,  276. 

heat  and  sound,  difference  between, 

804. 

Wells,  Dr.,  his  theory  of  dew,  471,  et  Mq. 

many  curious  effects  exphiined  by, 

474w 

Wiedemann  and  Franz,  their  table  of  con- 
ductivities, 228w 

Winds,  extinction  of  light  of  gas  by,  63. 

—  produced  by  sun,  ISO. 

—  trade,  187. 

—  direction  ot  influenced  by  earth's  rota 
tlon,  187. 

—  lesser,  cause  of,  191. 
Wollaston,  Dr.,  his  cryophorus,  178. 
lines  in  solar  spectrum  observed  by, 

485. 
Wood,  bad  conductivity  of,  288. 

—  difference  of  conductivity  In,  286. 

—  apparatus  for  ascertaining  calorific  con- 
ductivity of,  287. 

—  three  axes  of  conductive  power  in, 
245. 

Woollen  textures,  imperfect  conduction 

of;  250. 
Work,  constant  proportion  between  it  and 

heat,  53. 

—  interior,  157. 


YOUNG,  Dr.  Thos.,  establishment  of 
the  undulatory  theory,  24,  267. 


ZERO,  absolute,  of  temperature,  02. 
Zinc,  bands  seen  in  spcctrom  of  Tft- 
pour  of,480. 
Zodiacal  light,  probable  canso  of;  63, 401, 

49a 
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ESSAYS: 

MOJiAZ.  POLITICAL,  AND  ESTHETIO. 
In  ono  Tolome.    Iiwe«  ISi^o.   386  paR««. 


I.  The  Phaoiopliy  orSlylt 
II.  OTer-I<c^;i£latiaii. 

III.  MonJs  of  Trade. 

IV.  FcrsDDul  Dciiutf. 

V.  ReprescntatiTO  Gorcrnment. 
W.  Prison-EOuea. 

VII.  Rallvny  Uurals  uid  Ituilvay  PuUcy. 
Yin.  Graeefulneaa. 
IX.  Slate  TaEnpctinga  nitli  Money  udcI  Baolui. 
X.  RcToim ;  the  Dungera  anit  the  Safvjjuiirda. 


■TbeK  Eiuynfonn  unew,  ind  IT  no  gni  not  mbiakgn.  ■  uirnt  popnlv  liutallniaiit 
fif  the  Ibiflllectail  iKDdnictlDiiK  of  thaL  cameBt  writer  and  profound  pblloBopfacr,  Her- 
but  9|>iiaiwr.  Then  [•  ■  nniirksbla  Dalon  oT  the  ■pecutiUm  and  jnollial  In  that 
papciB.  I'hc;  ue  Ibo  tluit  at  BtatUoi  nlllio  HUDoailul  lad  pBfchutoglea] ;  Ihry  Inich 
tbn  problFonartbDpaulsgbonr,  utdlhcf  grup  trnUu  oT  lulvctul  npiillcBllgn :  Uwy 
vLU  be  fuDDil  ta  InjtTDCtlTB  to  the  [enerml  rador  u  intcrcBtlii^  to  poUtlcnl  and  AOoUJ 
nuitanu,''— Ah/dh  TVauerfpt 

'TbMo  EnayB  cihllilt  on  almoitCTUy  pae*  t)"I  pomn  of  in  IndcpeodcDt  hDInBi- 
ItubiB  thinker.  Ur.  SpeD»r'>  athlu  ore  rigid,  bii  pulltluJ  riewi  llbenltatll.  and  hU 
■Im  L>  Iho  produBUgn  ol  the  hlghsU  sorthl j  eood."— JftlAwIW  Quardrly  Aw«II. 

"  It  nlHnind«  In  tho  ntaltB  of  tba  ibarp  obMiTDtlDn,  the  wide  mch  of  kcirwlAd^ 
ud  thu  cdpaclt;  to  wrtto  cL&irir>  fbrclblj,  wid  putDtcdly,  tbr  wh^3h  thfii  vritcr  li  pn- 
uulDciut.  ThaBob]()iil>ireii]liui:huoano«iiiuiDuillDt1iiwl*Iy,iuidlh«T>ntn9UB<1 
with  ulinlnbltf  Uct  BSd  knowledge.  Tha  tint  uuy  oa  tha  rhlloHiplv  of  SlyUi  1* 
worth  lliu  coll  or  tha  Tulimifl :  It  would  tw  a  daad  of  cbaillT  to  print  It  b]-llicl(uid 
aaod  11  Lo  tbaadllaroICTCTyiiOHtpaporin  tho  lud."— JITnc  fiiii/Iunder. 

-Spcnnr  li  contlDiuitly  gslnlog  gnmid  wltb  Americans;  ho  makea  a  book  ftvaat 
n<m  HrlouB  mowU  HlB  romiirkB  npoii  lagWailon,  open  Um  natorD  of  poUllDal  tnitl- 
toUuniand  of  Iliilr  fUndamcnlal  pHadplct;  bll  ilncldatlon  ot  thnH  R>iilidiitl<iii  tmtha 
nblob  wntral  Iha  policy  of  goTanunaut.  are  uf  pwullu  Taloa  to  Uw  Ancrlcan  atn- 
•iunl,''— .&k»(on  Poil^ 

"ThI*  Tolama  vlU  rmirc  OiaBpptniM  nf  srery  BerloiK  Nader  fi)r  Iha  pntbnnd 
urntitnaaa  ud  Uioronghnaai  with  whiab  1t«  tlirwt  an  tlabomttd,  the  luSnlU  KloDtUlo 
kuowlod^i  bnmgLt  lo  bear  on  ercrj  quratlau,  nod  lbs  leuUi  and  autitle  IhlnUngdla- 
playoil  lo  •Tory  ohapler."— ^.  W.  (arJsrtnH  ^rfcoeufa. 

"A  mom  Initrurllvt,  Buif^i'itlve.  lud  aUiuutaUns  Toltuua  baa  nutmacbed  Bi 
»( tlina."— iVMW<«eo  Jnuntal 


Wtrb  «/  Uttiat  Speneer  pvllal^  !-g  D.  Aj^J.!^ 


A  SEW  STSTEM   OF,  PHILOSOPHY. 

PKDSrCIPLES  OF  BIOLOGY. 

Tbti  VDtk  i*  tMV  in  eauac  of  pubtlcalion  in  qoortcrlj'  mimbun  (fmn  tO 
b  103  pV" ***^]<  by  mLMiiplioD,  at  }3  per umum.  It'aiobcmfwont 
naa^  of  Bbidi  tbc  Gist  in  luail;  cgmplcteil,  four  numbcn  luTiog  bea 
J  mOcit  nmqnisca  ft  BUteoiait  of  those  genets]  prindplGsuHJIni 
ocDM  hu  atuiocd,  U  id  Etampol  willi  a  nurkcd  nipnoHlii 
1  pn^KKnidnl  uid  in  the  method  of  Ireiitiiig  the  oubjtct  ll 
■Bfcii  ifciiihiit  utd ianlwUe aori^  Some  idea  of  the  dUdmiini  nuj 
be  tmuimt  by  gh»rfiig  Viv  »  far  of  the  S^rt  dialer  lieadiD^ 

Fait  FasBj—Dai  or  Bicooar. 

L  OtguAi  iUtta;  IL  Tbe  atHSaoa  of  Fonu  on  Oigftnic  IkUa',  01 

Ac  Rnetkas  «f,Oi]guuc  Hattaoa  Fonys;  IT.  PToiimalc  OaQiiItuD uf 

life;  V.  H«  Ctenqradatce  between  Life  mil  ha  Circiunttalices ;  VL  The 

Degree  of  Ufc  Varies  widi  lb  Dt^nc  of  Convspoaulencc ;  VU   Scope  of 


FiM  SnoaiL — Lmhtctiosb  of  Biounit. 
L  Onvlh;  n.  DeTeki(neni;   HL   FanctioD;   IV.  Waitc  ud  Rtiu; 
V.  Adipuka;    VL  LidMdaiGtTi    \TL   GtncsE;    VIIL   Qenilitj;   II. 
TuM&Mi;  X.  GcMsia,  QemSti.uid  Vvutioo;   XL  Oa^fea&n;  XO, 


He  Speeotf  b  equity  mnubbla  tor  his  Burcb  aAcr  Sm  pdDfl^ilia; 
Ibr  Ms  MDta  ntaspca  lo  decompoae  moilBl  pbsKanau  into  tfadi  fdnu] 
riaatuu ;  ind  for  hia  birod  gcsenli^Lliont  of  nMntal  activity,  tiAi^  ii 
■M0OB  with  imlinrt,  >nd  all  the  analog  jKooiled  by  S/e  in  in  ml 
•^odB, — Jb&«-GUr«r7usf  A*wB. 


i 


Worki  of  Herbert  Spencer  puiiishod  by  D,  App%£ton  6s  Co, 


E  S  SAY  S; 

MORAL    POLITICAL,  AND  ESTHETIC. 

In  one  Volnme.   I<areo  12mo. 

contexts: 

1  The  Philosophy  of  Style. 

n.  Oycr^Legislation. 

m.  Morals  of  Trade. 

rV.  Personal  Beauty. 

V.  Representative  Government. 

VL  Prison-Ethics. 

VII.  Railway  Morals  and  Railway  Policy. 

VIII.  Gracefulness. 

DC.  State  Tampcrings  with  ^oney  and  Banks. 

X.  Reform ;  the  Dangers  and  the  Safeguards. 

ALSO, 

SOCIAL    STATICS; 

OR, 

THE  CONDITIONS  ESSENTIAL  TO  HUMAN  HAPPINESS 
SPECIFIED,  AND  THE  FIRST  OF  THEM 

DEVELOPED. 

In  one  Voltune.   liar^e  12mo. 

All  these  works  are  rich  in  materials  for  forming  intclUf^nt  opinions,  ovon  where 
■  we  are  uitablo  to  agAo  with  thoso  put  forth  by  the  anthor.  Much  may  bo  learned  from 
thom  in  departments  in  which  oar  common  Ednoational  system  is  very  deficient.  Tbo 
active  citizen  may  derive  ftt)m  them  acoorate  systematized  information  eoneoming  his 
bJghebt  dnties  to  society,  and  the  principles  on  which  they  are  based.  lie  may  gain 
clearer  notions  of  tho  value  and  bearing  of  evidence,  and  bo  better  able  to  distinguish 
between  facta  and  inferences.  lie  may  find  common  things  suggestive  of  wiser  thought 
—nay,  we  will  venture  to  say  of  truer  emotion— than  before.  By  giving  us  filler  reoli- 
ntions  of  liberty  and  Justice  his  writings  will  tend  to  increase  onr  self-reliance  in  the 
great  emergency  of  civilization  to  iihich  we  have  been  suromoDcd.— il/^n//e  Monthly, 
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THE  COSSEUTIOJ  A5D  COSSMtOmi 


FOECES. 


J  OBIS'' OP  EXFOenroSB    RT  GB0TE.  MATES,  UBJIBnaX, 
FA&ADAr,  UKBtG,   ASD  CUtPOTSK. 


AN    INTRODUCTIOX. 


L— TIIE  COBEELATIOS  OF  PnYBICAL  FORCES.     B« 

W.  B.  Gbotk.     (The  complete  work.) 
IL— CELESTIAL  DYNAMICS    Br  Db.  J.  B.  ILltbl 

nL— THE  nrrEBAcnoK  of  fobces.  Bt  Pbot.  nKw- 

IV.  — TTIE    COXXECnOS    ASD    EQUIVALESCE    OF 

FOECES.    Bi  Pw>p.  Limm. 
v.— ON   TOE    COXSEBVATION    OF   FORCE.      Br  Dm, 

FAJUDiT. 

TL— OS  THE  CORREL.\TrOS  OF  FHTSICAL  ASD  VI 
TAt  FORCES.    Bt  Db.  CiKmrat. 


Wart*  (,f  IL^ttrt  ^ptncwpiMUM  by  D.  Appl/ton  ,i  O. 
The  J^hOoaophu  of  Herbert  Spencer. 


I 


FIEST    PKINCIPLBS; 

nr  TWO  FAMTS.- 
L  TDE  DNKSOWABLE.    IL  LAWS  OF  TnB   KSOWABLE. 

In  one  Voliuno.    018  pases. 


llr,  Sponivt'  hoB  ciiriiccl  an  »mlni>nt  anil  cainmiuiJIng  poalLlan  is  i  nn^Ujihyilclui, 
JifBliillly,  KinifjiEni;Ba,ititd  pmAiDditj,  jm  ia  pone  of  b1  A  fiirmBr  rolnini^a  ueoii' 
aiuulDltili.  Tbero  |9  DOC  1  ends  tlii)B(ht,  *  tUppunt  Slag,  or  ta  ttteyennt  to- 
.tloD  In  Uilfl  book,  notwItliAUzidfng  Ih&t  It  hu  ADmatliiDg  of  tha  dunotcT  of  a 
K-tbring  «na  iktaTolncd  mid  apon  (bo  old  phUosophlei"— CAtsojo  Journal. 

•"rbttvliJanle,trclMogDtVlntPnDiip]ti,  tike  til  Mr,  Bpenrar'i  wiiUnji  Ual  hiro 
tlea  nndflF  otu-  obAcrvatlon,  l>  dlBtlngalsbed  fbr  cEcumcBSr  tJimpitDou,  randDr,  dud 
at  ort^atLllty  ud  reottruntfiB  wblab  otct  merk  tho  tne  pbUosophltiol  »p[rit  BU 
Mbnenluf  Uiealoglcal oplnlonil  I*  t^ffrootuid  njipaclful. and  hlH AUifgoAtlimB  Vld 
gnmi^jiu  >rD  (DcIi  u  to  d«ur>«,  u  tli«r  Kill  nuniwl,  (ho  emeat  aitsDUoa  of  oU 
SDjjIitful  tlDdcnti  ol  Qnt  trotlu.  Agreeing  with  TUmllloD  and  Uanael  In  tli<  eaae- 
1,  on  Uio  nnknombloneaa  of  Itao  noMndltloiud,  bo  nerenlitlciB  holdi  UuU  thslr  being 
In  ■  B)tm  uMiIod  1)7  ooBBolouiiio«."— C*rt<Ma)i  AdweaU. 

t  row  snah  anllion  ai  llnbcrt  9]>oaur.  Thiwe  Ii*t« 
me  eialtod  apbera  who  befon  bim  bsTo  atUmpld 
lorediKW  thslanBofnalnn  tn  ■  mtlomil  irsUm.  Butlnlbo  bicfaMt  realm  of  phUa- 
aopblcA!  InToalSeiUlan  boaiBnda  bead  utdA];t>iEUIcTa[ibnToblapredBflOMiui;iiot|wrliBpa 
purely  by  firu  Of  inpnlor  lnti>lliict.  liot  parUf  owlns  to  tbe  ireater  aid  wblcb  tho 
lUkt  of  mwlurn  Kkoce  lua  atfunlnd  blia  lu  Iba  pnaemtloa  o(  bla  dUBenlt  taak."— 
Aula*  AiJMf  A. 

"Ur.  HpoD»r  la  aehleTln^  an  avbibtfl  dlatlnotlon  hy  fala  cantrlbutTona  to  tb«  ooDn- 
^'aUtarttnn;  fala  ayatom  of  pblli»0]>b7  la  deaUootl  to  becoiDB  n  work  of  no  umll 
tanown,  ItaapprarunDaatthUUmoUaDOTldence  tbatourpeopIoorBaotaUabcorlMd 
b  war  and  lUiofUitjsaUi,'— Okio  Slat*  Jmnml. 

■  Ur.  Spencei^  wDili -nill  nndoabtodty  rosolrt  In  this  ooantrylba  atlcntliin  lbs/ 
aoHt  Hon  la  a  broad  libendlt/  of  tons  tbnni^oiit  wbloli  will  r«oommend  Ui«m  to 
aiakln;.  Inquiring  AraerlcoDS.  Whatber,  ai  1>  aaterlod.  ^o  baa  calabllihed  a  new  >;•■ 
tem  of  pblloiopb];,  and  If  bo.  wbolber  tbat  ^alem  li  teller  (has  all  olher  •/itema,  It 
M  deoldod;  but  lliat  bis  bold  and  lUonina  IboDKht  will  add  aomotbing  Talu*bt« 
■Dd  pnmuicDt  to  buman  knowlodge  Is  Dndoiilable,''—  Utiea  Utraid. 

■Hivbnt  Epniiw  la  lbs  IbnmiMt  iraani  llriaff  Ihtnkon.  IT  leu  anidlts  tliai 
■nillbin.  hn  la  qnlti  a;i  orlgliiil,  nud  1i  man  coaimiluuulTO  aad  otbollo  than  ltia> 


H'o.jtao/  i:crhtTi  Spauxr  j-uMatudt,!/  II.  AppJtlon  it  Ci. 


A  KEW  BYBTEU  OF  raiLosoruY. 

FIRST   PKINCIPLES. 

*.  VoL   Xiaxgo  ISmo.    Vlb  ?ab«b.   Price  tS  00. 


I'xRt  First.— la*  L'lUaiMfal-U. 

n^iuplei   >•   rdijpoD  Bad  S(;icnc(!;   IL  Ht]iniila  liclipoiu  fdciui;   III|. 

ClLinialc  SdimiUlo  jdeaa;  IV,  TLe  KelulJrily  of  all  KnowU-Igi';  V,  Th» 

ItoconcUiiilloiL 

Pan  Secokti — Ztnrj  0/  l/t>  Knoimlilt. 
1.  Lano  ill  Gcncrnl;  11.  The  la.ii  of  Erolntiim;  IIL  'I'tiu  cudi 
linacJ;  IV.  Tbo  Causes  of  EFolntloni  V.  Spueo,  Time,  StsHer,  Uotitm,  ind 
Force;  VL  The  ludeatruclilulit;  oruattcc;  Vn.  TboContinnit/uDIaUoui, 
VllL  The  Pci^ietGnco  of  Force;  IS.  The  ConcUtiDn  »iil  Eqdnlcsce  of 
Fopcesj  X.  The  Direction  of  Moaon;  XI.  ThcRlijUim  ofMotion;  XII.  Ttw 
Couilitioiu  EEScnliol  to  Evolution;  XIIL  The  Inatabililj  of  tbo  UaiiHigp> 
ucoiu;  XIV.  The  Uultiplicslion  of  EOecla;  XV.  OiffefentiAlion  uul  liilfr 
gmlioD ;  XTI.  Equilibradon ;  XVU.  Summiuy  and  Coochisiaii. 

Id  Iho  GiBt  pari  of  this  work  Mr.  Spcnoor  dedoca  tbe  proviaoe,  limits  u 
rclfttioa*  of  religion  uid  svicnci;,  onj  dclennlnca  tlie  Ipgidmalo  8cq«  of 
jiliUoBopliy. 

In  put  second  he  imfulds  those  fimdnmcntal  principles  ntuch  have  b 
BirlTed  at  within  the  sphere  of  llio  knownlilc;  which  are  Iru*  of  bH  ordciii 
of  phenonctnei,  and  ihua  constitute  tlia  fbuudnlion   of  all  philosoptij'. 
law  of  Evolulioli,  Ur.  Epcnccr  maintaina  to  he  unircreal,  aui]  he  kifi  huiV 
worked  it  out  as  llic  basis  of  Ina  rr^tem. 

These  First  Principles  are  the  fanndatioD  of  >  BTatcnt  of  FhiloMphr 
bolder,  more  elaborate,  and  comprelieoBire  perhaps,  than  ui<r  other  whidt 
aaa  been  hitherto  doaigned  in  England. — BHIuh  Quarlerlti  Itceiar. 

A  vork  lottj  in  aim  and  remarkable  in  execution. — ComhUl  Magtaht. 

la  the  works  of  Herbert  Sponcer  wo  have  the  radimenta  of  a  poritSta 
Thcologf,  nnd  an  imnicnsD  atep  toward  the  perfection  of  the  sdenco  of  IVj^ 
iihulogy. — ChrStUan  £nunuicr. 

If  we  mistake  not,  in  spile  of  the  very  negative  characicr  of  bis  o« 
snltl,  bo  Iws  forcahndowcd  some  strong  argumeuta  for  tlic  doctiin*  of  ■ 
tiro  Chrisliun  Theolofj. — Nno  Englander. 

Aa  Eir  ai  the  Ittmtiers  of  knowhnJgs,  where  the  Intdlccl  ma;  go,  there  b 
Ko  living  man   u-hoeo  i^uidancc  ma;  more   eafi'Iy  be  tnistcdT— -il 


